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FOOD AND FEED 


Acephate and Methamidophos Residue Behavior in Florida Citrus, 1976 


Herbert N. Nigg,’ James A. Reinert,* and George E. Fitzpatrick* 


ABSTRACT 
The half-life of acephate and its hydrolysate, methamido- 
phos, in the rind of Temple and Valencia oranges, and 
grapefruit, lemons, and tangerines was 10.3 days and 10.5 
days, respectively. Half-lives of acephate and methamido- 
phos in citrus pulp were 15.0 days and 6.1 days, respectively, 
based on 7-, 14-, and 21-day data, Seven days after treat- 
ment, acephate and methamidophos reached maximum levels 
in rind and pulp. Acephate residue levels in rind were less 
than 3.0 ppm 14 days after treatment; acephate residues in 
pulp were less than 3.0 ppm throughout the experiment. 


Methamidophos residue levels averaged less than 0.25 ppm 
after 21 days. 


Introduction 


In 1937, the citrus blackfly, Aleurocanthus woglumi 
Ashby (Homoptera: Aleyrodidae), was eradicated from 
the Florida Keys by use of petroleum oil (7). Early 
in 1976, the citrus blackfly was again discovered in Fort 
Lauderdale, Florida, and surrounding Broward County 
(8). Infestations are currently found in Broward, 
Collier, Dade, Indian River, Martin, Okeechobee, Palm 
Beach, and Saint Lucie Counties (G. E. Fitzpatrick, 
University of Florida Institute of Food and Agricultural 
Sciences, October 1978: personal communication). 
After discovery of the infestations, an intensive state 
and federally sponsored eradication program was begun, 
but it was complicated by the urban nature of the citrus 
blackfly infestation. 


Based on chemical efficacy and citrus blackfly life-cycle 
data, three treatments of acephate at 3-week intervals 
were necessary for eradication (8). Treatments were 
applied to all Florida citrus owned by individual home- 
owners in the heavily urbanized area under an emer- 


1Florida Agricultural Experiment Stations Journal Series No. 1148. 
Research supported by special funds from the Center for Environ- 
mental Programs, University of Florida, 2014 McCarty Hall, Gaines- 
ville, FL 32611. 

“University of Florida, Institute cf Food and Agricultural Sciences, 
Agricultural Research and Education Center, P.O. Box 1088, Lake 
Alfred, FL 33850. 

‘University of Florida, Institute of Food and Agricultural Sciences 
Agricultural Research Center, 3205 S.W. 70th Avenue, Fort Lauder- 
dale, FL 33314. 
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gency exemption granted by the United States Environ- 
mental Protection Agency (EPA). The homeowner was 
advised by the Florida and U.S. Departments of Agri- 
culture to wait 7 days before consuming treated fruit. 


It was not known whether acephate and its environ- 
mental metabolite, methamidophos (Monitor), would 
reach their respective action levels of 3.0 ppm and 0.25 
ppm in whole fruit within 7 days. In addition, acephate 
and methamidophos are systemic chemicals and might 
readily penetrate fruit rind into the edible pulp. 


The purpose of the present study was to monitor levels 
of acephate and methamidophos in common Florida 


citrus to determine half-lives and tolerances of these 
materials. 


Materials and Methods 

Each experimental unit consisted of one city block. 
Within each city block, a random 8-fruit sample was 
taken from 3-10 trees of Temple and Valencia oranges, 
and grapefruit, lemons, and tangerines on each sample 
date. Treatments were replicated four times in a 
completely random design including four unsprayed 
check blocks. Acephate at 0.6 g active ingredient(AI) / 
liter (ca 38 liters/tree) was applied with a hydraulic 
sprayer at 29 kg/cm? and with a mist blower at 2.4 g 
Al/liter (ca 0.8 liter/tree). The hydraulic sprayer was 
a standard, truck-mounted unit with two 100-m hoses 
and attached handheld sprayguns. The mist blower was 
a gasoline-driven backpack unit (KWH Whirlwind, Hol- 
land). Three separate treatments were applied at 3-week 
intervals. Dual samples of each variety were taken after 
the third application on days 1, 3, 5, and 7, and single 
samples of each variety were taken on days 14 and 21 
by clipping the fruit into plastic bags. Each sample 
consisted of eight fruits. One set of the dual samples 
was washed in a weak soap solution of Ivory liquid to 
simulate homeowner washing. Samples were frozen at 
—20°C and transported frozen to the laboratory for 
analysis. 
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Standards 


d every fourth injectior All injections 


for quantification were chromato 


were 5 ul. 


All solvents were assessed for interferences by evapo- 
rating 100 ml of each solvent to 1 ml and chromato- 


graphing 5 ul. 


Recoveries of standard materials from fortified homo- 
genates were 73.1 percent methamidophos and 77.8 per- 
ppm and 82.6 methami- 


dophos and 85.4 percent acephate at 5 ppm for both 


cent acephate at | percent 


peel and pulp. There were no varietal differences in 
recovery of standard materials. Variations in recovery 
averaged 16.8 percent for methamidophos and 15.3 per- 
cent for acephate at 1 ppm and 4.6 percent for meth- 
amidophos and 5.5 percent for acephate at 5 ppm. Low- 
est accurate level of detection for both standards was 
The data 


in Tables 1 and 2 are not corrected for recovery. No 


0.01 ppm; lower levels are reported as trace. 


analyses were performed on either the formulated ace- 


phate or tank mixes. The equation for decay was: 


In(y/y ) 


Half-life, t , was calculated as 


In(0.5)/(—b) (3) 
Residue levels were compared among varieties on indi- 
vidual sampling days and among sampling days for indi- 
vidual varieties with a t-test (/0). Degrees of freedom 
and 6 for days 14 and 21 


were 14 for days 1 
df 2(n 1)] 
are significant at the 0.01 level. 


(/0). Comparison of residue levels 


Results and Discussion 


There was no statistical difference between residues of 


acephate and methamidophos on or in washed and un- 


TABLE 1 {cephate residues in rind and pulp 


of Florida citrus, 1976 
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Acephate and methamidophos residue in rind and pulp of Florida citrus. Points for days 1, 3, 5, and 7 are 


averages of eight determinations. Days 14 and 21 are averages of four determinations. 


TABLE 2. 


Methamidophos residues in rind and pulp 
of Florida citrus, 1976 





Day, Post APPLICATION 





3 5 7 


RESIDUES (MEAN + STD DEv.), PPM 


Temple orange 
Rind 0.2+tr 
Pulp O.1+tr O11 tr 

Grapefruit 
Rind 0.1+0.1 0.3+0.2 


0.3 + 0.4 


Pulp ND 
Valencia orange 

Rind 0.2+0.1 0.3 : h r O+ ‘ ; . ( 

Pulp 0.1+0.2 0. \ y . ; ; ‘ ( 
Lemon 

Rind 0.1+0.1 0. f SEOs 426) : 1 0. 0.1 

Pulp tr ; 0.1 


0.1+0.1 


1 
1 


Tangerine 
0.5+ 0.4 


0.2:26.2 


1 06+0.4 
tr 0.1+0.1 


trace = <0.01 ppm. = not detected. 


washed fruit (days 1, 3, 5, 7), and data for washed 
and unwashed fruit were combined for statistical analy- 
ses. This result may be due to the method of handling 
samples (3). In the present study, frozen fruits were 
thawed before being peeled. Condensation on the fruits 
collected in the bottom of the bag; this condensate was 
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not added to the extract because only half of each fruit 
was peeled. The fruits were thus washed by condensa- 
tion prior to peeling. This accounts for the absence of 
statistical difference between washed and unwashed 
fruits. The data presented here can only properly be 
considered penetrated residues. Also, no residues of 
acephate or methamidophos were detected in fruit which 
had been misted. Only the results of the hydraulic ap- 
plication are reported here. 


Both acephate and methamidophos are systemic insec- 
ticides, and the data in Figure 1 indicate that at least 
acephate readily penetrates the rind of all citrus varie- 
ties. Because methamidophos can be produced from 
acephate by hydrolysis, internal methamidophos could 
have come from acephate. 


The peak of penetrated residues of both compounds oc- 
curs on days 5 and 7. Acephate residues in rind are 
significantly higher (0.01 ppm) on day 7 than on days 
5 and 14 for Temple oranges, grapefruit, and lemons. 
For Valencia oranges and tangerines, day 14 residues 
are significantly lower than are day 7 residues, but due 
to the variability of the data, the peak of penetrated 
residues may have occurred on day 5 (Table 1). Had 
data been taken on day 9, higher methamidophos resi- 
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dues might have been found, indicating additional con- 
version of acephate. The data do show, however, that 
the residues are above the EPA action levels of 3.0 
ppm acephate and 0.25 ppm methamidophos on day 7 
(Tables 1, 2; Fig. 1). 


The acephate-in-pulp pattern is similar to that in rind. 
Day 7 residues are significantly higher than are residues 
on days 5 or 14 in Temple oranges, grapefruit, lemons, 
and tangerines. For Valencia oranges, the peak of ace- 
phate in pulp may have occurred on day 5 when resi- 
dues of acephate were significantly higher than on days 
3 or 7. Acephate in pulp was never above the action 
level of 3.0 ppm. The maximum level of acephate in 
pulp was 2.0 ppm in tangerines on day 14. Most pulp 


acephate residues averaged 1.0 ppm or less (Table 1). 


The pattern of methamidophos residues was similar to 
that of acephate (Table 2). For Temple orange, grape- 
fruit, Valencia orange, lemon, and tangerine rind, day 7 
residues were significantly higher than were day 14 
residues. However, methamidophos levels in rind were 
the same on days 5 and 7, so residues may have peaked 
on day 5. In pulp, no peak of methamidophos residues 
was apparent in Temple oranges, but statistically signifi- 
cant peaks occurred on day 7 in lemons and tangerines, 
on day 5 in Valencia oranges, and on day 14 in grape- 
fruit. 


The pattern of penetration of acephate and methami- 
dophos in both rind and pulp of these varieties was 
Statistically significant and consistent. The peak pene- 
trated residues of acephate and methamidophos in rind 
and in pulp occurred on or before day 7 with decreas- 
ing residues thereafter. 


The statistical comparison of varieties in Table 3 indi- 
cates that by day 14 there are no differences in acephate 
residue levels in rind among varieties. Before day 14, no 
consistent pattern of residue levels is evident. The same 
comparison for acephate in pulp (Table 4) points to 
significantly lower residues in grapefruit pulp than in 
lemon and tangerine pulp. With this exception, there 
were no differences in acephate residues in pulp by 
TABI Statistical comparison of acephate residue leve ls 
in citrus rind, 1976 


Day, Post APPLICATION 


3 5 ] 14 
Temple orange vs. grapefruit 
Temple vs. Valencia oranges 
Temple orange vs. lemon 
Temple orange vs. tangerine 
Grapefruit vs. Valencia orange 
Grapefruit vs. lomon 
Grapefruit vs. tangerine 
Valencia orange vs. lemon 
Valencia orange vs. tangerine 
Lemon vs. tangerine 


NOTE: Yes means are statistically different at 0.01 
means are not statistically different at 0.01 level 


TABLE 4. Statistical comparison of acephate residue levels 


in citrus pulp, 1976 


Day, Post APPLICATION 
3 5 7 14 


Temple orange vs. grapefruit yes 
yes 
no 


Temple vs. Valencia oranges 
Temple orange vs. lemon 
Temple orange vs. tangerine 
Grapefruit vs. Valencia orange 
Grapefruit vs. lemon 


yes 
yes 
yes 
yes 
no 
no 
no 


Grapefruit vs. tangerine 
Valencia orange vs. lemon 
Valencia orange vs. tangerine 
Lemon vs. tangerine 


See NOTE, Table 3. 


day 21. 


Residues in Temple oranges were significantly 


higher than were residues in grapefruit until day 21 
(Tables 1, 4). 


By day 14 there were no significant differences in meth- 
amidophos levels in rind among varieties, yet differ- 
ences appear on day 21 (Table 5). There were no 
differences in methamidophos residues in pulp by day 
21 (Table 6). 


There is a nonrandom source of variation in the com- 
parison of residue levels in citrus which has been noted 
in greenhouse tomato studies with acephate, surface 
area—to-weight ratios (5). 


Confounded with fruit size is varietal rind thickness. 
Valencia orange rind thickness has been reported as 
4.0 mm (2), 4.1 mm (//), and 3.0 mm (9). Marsh 
grapefruit rind thickness has been noted as 5.5 mm 
(//) and 12.0 mm (9). Lemon rind thickness has been 
reported as 7.3 mm (//), 3.6 mm (/), and 5.0 mm 
(9). In addition to genetic differences in rind thickness, 
many climatic and cultural practices affect rind thick- 
ness (/, 2, 9, /1). In the present experiment, thick 
grapefruit rind with a low surface area—to-weight ratio 
appears to account for low pesticide residues in grape- 
fruit. Future experiments to compare citrus variety dif- 
ferences in residue behavior should include rind thick- 
ness and surface area measurements to determine 

TABLE 5. Statistical comparison of methamidophos 
residue levels in citrus rind, 1976 


Day, Post APPLICATION 


7 14 


Temple orange vs. grapefruit , , ; no 
Temple vs. Valencia oranges 

Temple orange vs. lemon 

remple orange vs. tangerine 

Grapefruit vs. Valencia orange 

Grapefruit vs. lemon 

Grapefruit vs. tangerine 

Valencia orange vs. lemon 

Valencia orange vs. tangerine 

Lemon vs. tangerine 


See NOTE, Table 3. 
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TABLE 6. Statistical comparison of methamidophos 
residue levels in citrus pulp, 1976 


Day, Post APPLICATION 


5 7 14 





Temple orange vs. grapefruit yes 
Temple vs. Valencia oranges no 
Temple orange vs. lemon yes 
Temple orange vs. tangerine yes 
Grapefruit vs. Valencia orange yes 
Grapefruit vs. lemon yes 
Grapefruit vs. tangerine yes 
Valencia orange vs. lemon yes 
Valencia orange vs. tangerine yes 
Lemon vs. tangerine no 


yes yes 
no no 
yes no 
yes yes 
yes yes 
yes yes 
yes yes 
yes no 
yes no 
yes no 


See NOTE, Table 3. 


whether any differences in residue levels could be due 
to fruit structure. 


Penetration of both compounds into rind and pulp com- 
plicates data analyses. The overall data actually show 
that the appearance of residue is due to penetration. 
The fit to a first-order disappearance model is corre- 
spondingly poor, ranging from a low of r = 0.02 for 
acephate in Valencia pulp to a high of r= —0.79 
for acephate in lemon rind. However, when data from 
days 7 (maximum concentration), 14, and 21 are used, 
disappearance is clearer (Fig. 1). 


There are still positive correlations for methamidophos 
in Temple and Valencia orange pulp which reflect an 
appearance of the compound in the pulp, and the tan- 
gerine rind data for acephate do not fit a first-order 
model. Based on 7-, 14-, and 21-day data the half-life 
averages are 10.5 days and 10.3 days for methami- 
dophos and acephate, respectively, in fruit rind, and 
6.1 days and 15.0 days for methamidophos and ace- 
phate, respectively, in pulp (Table 7). 


The data presented for acephate and methamidophos 
show that both compounds disappear under Florida 
conditions after reaching maximum penetrated residues 
on day 7. Acephate was below 3 ppm in rind 14 days 
after application and never reached 3 ppm in pulp. Pen- 
etrated residues of methamidophos reached an average 
level of less than 0.25 ppm 21 days after application. 
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TABLE 7. Acephate and methamidophos first-order 
disappearance in Florida citrus, 7—-21-day data, 1976 


tll 


SLOPE (HALF-LIFE, DAYS) r 


METHA- ACE- 
MIDOPHOS PHATE 


METHA- ACE- 
MIDOPHOS PHATE 


METHA- ACE- 
MIDOPHOS PHATE 


Temple orange 
Rind — 0.07 
Pulp 0.32 

Grapefruit 
Rind —0.07 d — 0.862 
Pulp — 0.05 3. 3. — 0.38 


— 0.572 
— 0.792 


— 0.948 
— 0.98% 


— 0.682 
— 0.99% 
Valencia orange 
Rind — 0.05 : — 0.682 —0.772 
Pulp 0.32 : 23% 0.86% 0.998 
Lemon 
Rind — 0.08 
Pulp —0.13 


—0.994 
—0.69- 


—0.99% 
—-0.812 
Tangerine 
Rind — 0.07 9 —0.45 
Pulp —0.10 — 0.872 


— 0.792 
Averages 

Rind 

Pulp 


1t¥2 = 1n(0.5) /slope. 
* Significant at 5 percent level (6). 


Significant at 1 percent Jevel or higher (6). 
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FISH, WILDLIFE, AND ESTUARIES 


Effects of Organochlorine Residues on Eggshell Thickness, Reproduction, 
and Population Status of Brown Pelicans (Pelecanus occidentalis) 
in South Carolina and Florida, 1969-76 


Lawrence J. Blus,’ Thair G. Lamont,’ and Burkett S. Neely, Jr.* 


ABSTRACT 

Shells of brown pelican (Pelecanus occidentalis) eggs col- 
lected in South Carolina from 1969 through 1975 and in 
Florida during 1969, 1970, and 1974 were significantly 
thinner (P > 0.05) than eggshells collected before 1947. 
Thickness of South Carolina eggshells increased in 1975, 
and mean thickness of eggshells collected in Florida during 
1974 was greater than that of eggshells collected during 1969 
and 1970, primarily in Gulf Coast colonies. 


Residues of 13 organochlorines were found in eggs and 
tissues of pelicans found dead during 1974 and 1975, al- 
though residues in brains of these specimens were not high 
enough to cause death. Residues of organochlorines, except 
PCBs, declined through 1975. PCBs increased in eggs from 
Atlantic Coast colonies. 


Reproductive success and population status of brown peli- 
cans in South Carolina have improved markedly since 
authors began their studies in 1969. Good reproductive 
success was reported in 3 of 5 years from 1973 through 1977. 


Introduction 


This is part of a series of papers on the effects of en- 
vironmental pollutants on the brown pelican (Pelecanus 
occidentalis). In previous papers, organochlorine resi- 
dues in brown pelicans have been related to eggshell 
thinning (6, 7), reproductive success (9), adult mor- 
tality (5, 10), population decline (4), and possible ex- 
tirpation of a population in Louisiana (8). The objective 
of the present study is to further explore effects of or- 
ganochlorines on brown pelicans, particularly the sig- 


1Fish and Wildlife Service, U.S. Department of the Interior, Patuxent 
Wildlife Research Center, Laurel, MD 20811. Present address: Pacific 
Northwest Field Station, 480 S.W. Airport Road, Corvallis, OR 97330. 
*Fish and Wildlife Service, U.S. Department of the Interior, Patuxent 
Wildlife Research Center, Laurel, MD 20811. 

*Fish and Wildlife Service, U.S. Department of the Interior, Division 
of Wildlife Refuge, Washington, DC 20240. 
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nificance of declining residues. Emphasis is placed on 
data gathered during 1974-76, but data from 1969 on- 
ward are used to show trends over 8 years. 


Procedures for Sampling, Necropsy, and Field Study 
Most procedures have been described in previous papers 
(4, 10). Brief visits were made to brown pelican colo- 
nies in South Carolina in 1969, 1970, and 1976 and 
to Florida colonies in 1969, 1970, and 1974. The two 
brown pelican nesting colonies in South Carolina, 
Deveaux Bank and Marsh Island, Cape Romain Na- 
tional Wildlife Refuge (CRNWR), were studied in- 
tensively in the spring and summer each year from 1971 
through 1975. Censuses were made of total nests and 
fledged young in both South Carolina colonies from 
1969 through 1976. However, most accurate data were 
collected during 1971-75 when a number of visits were 
made to each colony during each nesting season. Addled 
and viable eggs in all stages of incubation were collected. 
One egg was usually taken from each nest selected for 
sampling. Eggs were weighed and measured, and their 
contents were placed in chemically cleaned glass bottles 
and frozen. Eggshells were thoroughly washed with tap 
water and allowed to dry. Shell thickness (shell plus 
shell membranes) was measured at three sites on the 
waist of the egg with a micrometer graduated in units 
of 0.01 mm. 


Nests with full clutches and nests from which one egg 
was collected were marked on Marsh Island to determine 
their success. Marked nests were checked for eggs or 
young on each visit to the colony; colonies were visited 
twice a week for up to 1 hour. 


Several dead pelicans and samples of fish regurgitated 
by pelicans were collected and frozen. The pelicans 


were removed from the freezer several months later, 
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thawed, and subsequently necropsied. Tissues for histo- 
logical study were fixed in 10 percent formalin, em- 
bedded in paraffin, sectioned, and stained. The entire 
brain was removed and placed in a chemically cleaned 
glass bottle, and the carcass, except for skin, feet, wings, 
liver, kidney, and gastrointestinal tract, was wrapped in 
foil and refrozen. Brains and carcasses were later ana- 
lyzed for organochlorine residues. 


Analytical Procedures 


The contents of eggs collected during 1969-71 were 
homogenized. A 20-g portion was mixed with anhydrous 
sodium sulfate in a blender and extracted for 7 hours 
with hexane in a Soxhlet apparatus. The extract was 
cleaned by acetonitrile partitioning and was eluted on 
partly deactivated Florisil. For pesticide analyses, resi- 
dues in the cleaned extract were separated and removed 
in four fractions from a silica gel thin-layer plate (/7). 
Each thin-layer fraction was analyzed by electron- 
capture gas chromatography (GC) on a column of 3 
percent OV-1 or 3.8 percent UCW-98 on Chromosorb 
W-HP. =DDT in fractions III or IV was confirmed on 
a column of 3 percent XE-60 or 3 percent QF-1 Gas- 
Chrom Q. Polychlorinated biphenyls (PCBs) were 
identified and measured semiquantitatively by thin-layer 
chromatography (/6). Average recoveries of organo- 
chlorine pesticides and their metabolites were 75-112 
percent. 


Methodology was modified for eggs collected from 1972 
to 1975 (11). The extract of the 10-g portion was 
cleaned on a Florisil column. Pesticides and PCBs were 
separated into three fractions on a Silicar column and 
analyzed by GC on a column packed with a mixture of 
4 percent SE-30 and 6 percent QF-1. This methodology 
enabled authors to detect toxaphene, cis-chlordane, 
and/or trans-nonachlor, and cis-nonachlor. Until 1973, 
there was neither a cis-nonachlor standard for quantifi- 
cation nor a procedure to estimate toxaphene levels. 
Lipids were removed from the eggs collected during 
1974—75 either by Florisil cleanup or by automated gel 
permeation chromatography. In 1974, cis-chlordane and 
trans-nonachlor were separated and quantified by chang- 
ing the column packing to a mixture of 1.5 percent OV- 
17 and 1.95 percent QF-1. 


Residues in about 10 percent of the samples were con- 
firmed by combined gas chromatography—mass spec- 
trometry (GC-MS). Average recoveries from spiked 
chicken eggs were 81—110 percent; residues are not cor- 
rected for recovery values. The lower limit of detection 
for pesticides or their metabolites was 0.01 ug/g in fish 
and 0.10 ug/g in other samples (0.01 ug/g for hexa- 
chlorobenzene). The lower limit for PCBs was 0.05 
ug/g in fish and 0.50 ug/g in other samples. 
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Results 


REPRODUCTIVE SUCCESS AND POPULATION STATUS 

From 1969 through 1972 (/0) and for previous years 
(3), reproductive success of South Carolina pelicans was 
below the recruitment standard of 1.2—1.5 fledged young 
per breeding female per year that is necessary to main- 
tain a stable population (/4). Following a successful 
reproductive season in 1973, pelicans experienced poor 
success in 1974 and 1975, then had successful reproduc- 
tive seasons in 1976 (Table 1) and 1977 (Vivian Men- 
denhall, Fish and Wildlife Service, U.S. Department of 
the Interior, 1977: personal communication). 


Except in 1969, reproductive success was higher on 
Deveaux Bank than on Marsh Island (Table 1). How- 
ever, there was a_ significant positive correlation 
(r = 0.797, P < 0.05) between young fledged per nest 
in the two colonies over the 8 years considered in the 
present report. Thus reproductive success in one colony 
paralleled that in the other colony. Lower reproduction 
on Marsh Island was attributed to tidal flooding of nests 
each year, a rare occurrence on Deveaux Bank. Many 
of the pelicans with flooded nests laid a second clutch, 
but replacement clutches also were frequently laid in 
low areas that were eventually flooded. 


The size of the breeding population of brown pelicans in 
South Carolina slowly increased from 1969 through 
1974 and then increased 41 percent from 1974 to 1975 
as follows: 1,266 pairs in 1969; 1,670 pairs in 1974; 
2,400 pairs in 1975; and 3,300 pairs in 1977. 


TABLE 1. Reproductive success of brown pelicans 


in South Carolina, 1969-76 


No. OF 
YOUNG 
FLEDGED 


YOUNG 
FLEDGED 
PER NEST 


No. OF 
COLONY NEsTS 
Cape Romain 1016 900? 0.821 
Deveaux Bank 250! 80 0.321 
Both Colonies 1266 980 0.78 
Cape Romain 637 500 0.781 
Deveaux Bank 479 445 0.93 
Both Colonies 1116 945 0.85 
Cape Romain 1094 949 0.87 
Deveaux Bank 375 400 1.07 
Both Colonies 1469 1349 0.92 
Cape Romain 763 514 0.67 
Deveaux Bank 652 456 0.70 
Both Colonies 1415 970 0.69 
Cape Romain 836 1082 1.29 
Deveaux Bank 810 1644 2.03 
Both Colonies 1646 2726 1.66 
Cape Romain 920 825 0.90 
Deveaux Bank 750 800 1.07 
Both Colonies 1670 1625 0.97 
Cape Romain 900 500 0.56 
Deveaux Bank 1500 1300 0.87 
Both Colonies 2400 1800 0.75 
Cape Romain 1440 1399 0.97 
Deveaux Bank 1100: 17381 1.581 
Both Colonies 2540 3137 1.23 


1 Estimated numbers—all other figures are based on actual counts. 
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TABLE 2. 


Probable causes of brown pelican mortality, 
South Carolina, 1974-75 


AGI PROBABLE CAUSE OF MORTALITY 


4 weeks 
6 weeks 


sacrificed, had subcutaneous emphysema 
hemorrhagic enteritis in combination 

with severe pecking injuries 

respiratory problems—apparent air 
saculitis 

sacrificed, bird was near death of diarrhea 
and excessive fluid in lungs, air sacs, and 
pericardium 

adult hemorrhagic enteritis 

adult hemorrhagic enteritis 


12 weeks 


8 weeks 


MORTALITY 

Pelicans died of possible starvation and several diseases. 
Hemorrhagic enteritis caused the death of at least two 
of the six adults found dead on Deveaux Bank April 9, 
1975 (Table 2). These pelicans apparently had recently 
migrated to South Carolina. Many brown pelicans that 
breed in South Carolina winter on the Atlantic Coast 
of Florida where hemorrhagic enteritis was responsible 
for many deaths of the birds in 1972 (10, 20). 


In 1974, a 6-week-old pelican apparently died of 
hemorrhagic enteritis and severe pecking; the pecking 
probably occurred when the sick young was attacked 
by hostile young and adults. A 12-week-old pelican ap- 
parently died of respiratory problems including air sacu- 
litis. One of two young sacrificed in 1974 (Table 2) was 


near death, and the other had subcutaneous emphy- 
sema, a condition that is rarely fatal (73). 


Several hundred downy young were found dead on 
Deveaux Bank in 1974. Little regurgitated food was 
observed during visits to the colony compared to visits 
in other years, and except for the usual heavy mortality 
after hatching, the deaths involved young at least 4 


weeks old, an age when food demand rapidly increases. 


EGGSHELL THICKNESS 


Mean eggshell thickness of brown pelican eggs col- 


e 
lected in South Carolina (Table 3) was 10-17 percent 


TABLE 3 


EGGSHELI 


1970 1971 


less than the pre-1947 mean of 0.557 mm (/). The sig- 
nificant increase (P < 0.05) in mean shell thickness in 
1975, compared to the 6 preceding years, initiated an 
upward trend extending to 1977 (Vivian Mendenhall: 
personal communication). 


Overall eggshell thickness of pelican eggs in Florida 
increased slightly from 1969-70 to 1974 (Table 3); it 
increased markedly in the Gulf Coast colonies and re- 
mained unchanged in the Atlantic Coast colonies 
(Tables 4,5). Shell thickness of Gulf Coast pelican eggs 
collected in 1974 averaged just 2 percent less than the 


pre-1947 mean, whereas Atlantic Coast eggs averaged 
11 percent less. There were insufficient data to com- 
pare trends in shell thickness in Florida Bay colonies 
(Table 4). In addition to South Carolina and Florida, 
eggshell thickness of brown pelicans has been increasing 
in California (2) and Louisiana (5). 


RESIDUES IN EGGS 

PCB and DDE residues made up the bulk of the 13 
organochlorines identified in eggs of brown pelicans 
(Tables 6-8). Residues in pelican eggs in 1974-75 
followed the same pattern in each of the two South 
Carolina colonies: there was a similarity in mean resi- 
dues of each organochlorine in a given year, there was 
much individual variation in residues of each organo- 
chlorine, and there was a general decline in residues of 
most organochlorines (Table 9). These patterns and 
trends were also evident in samples collected from 1969 
through 1973 (4, /0). Residues of DDE, DDT, and 
“DDT declined steadily from 1969 through 1975, 
whereas TDE declined steadily to 1973 and then in- 
creased somewhat. Dieldrin declined until 1971 and 
then remained essentially stable through 1975. PCB 
residues were erratic and followed no definite trend. 


From 1969-70 to 1974 (Table 10), there were signifi- 
cant declines (P 0.05) in DDE, TDE, DDT, and 
XDDT in brown pelican eggs from four regions of the 
southeastern United States; dieldrin decreased signifi- 
cantly (P < 0.05) in South Carolina and along the At- 


Shell thickness of brown pelican eggs, 1969-75, compared to pre-1947 levels 


THICKNESS, MM! 


1972 


SOUTH CAROLINA 


055 + 0.463 +> D 0.461 + D 0.480 = ¢ 


0.012 (23 0.006 ( 0.007 (38) 0.005 (65) 


0.470 + CD 0.443 + D 0.469 + CD 0.499 + B 
0.005 (67) 


0.003 (104) 0.004 (116) 0.004 (95) 


FLORIDA 


0.516 + 0O.S511> 8B 


0.003 (169) 0.005 0.004 (144) 


Mean => standard error; sample size in parentheses 
A significant difference among thickness means (P « 
multiple range tests (/2, 15) 
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0.05) is indicated 


0.521+ 8B 
0.004 (122) 


for those means not sharing a common letter. Means were separated by 
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TABLE 4. Shell thickness of brown pelican eggs 
from Florida colonies, 1969-70, 1974 


COLONY 


Port 


Orange 0.488 + 0.012 (9) 0.497 + 0.009 (9) + (0.013 (14) 


Crane Island 
Cocoa 


Beach 0.497 + 0.011 (19) 0.482 + 0.019 (10) 0.499 + 0.010 (15) 


Pelican 


each sampling period was: South Carolina > Florida 

Atlantic Coast > Florida Gulf Coast > Florida Bay 

(Table 10). Eggs collected from the Gulf Coast and 

EGGSHELL THICKNESS, MM! Florida Bay colonies in 1974 were essentially devoid of 
an organochlorine residues. 


ATLANTIC COAST RESIDUES IN TISSUES 


Birds found dead were analyzed for organochlorine 
residues. Residues in tissues of four pre-fledgling peli- 
cans found dead in South Carolina in 1974 were as low 
as those reported previously in other young pelicans 


0.491 = 0.009 (10) 


Island 0.499 + 0.012 (10) 0.498 + 0.017 (9) 499 + 0.010 (14) (4, 10). Six freshly dead adult pelicans were found on 


Fort Pierce 0.513 + 0.012 (6) 0.504 0.009 (9) 


Nest Key 
Buchanan 


Key 0.530 + 0.015 (3) 0.545 + 0.013 (10) 


Fanny Key 
Marquesa 
Ke 


Seahorse 


1.508 + 0.011 (8) Deveaux Bank April 9, 1975. 

FLORIDA BAY 

Residues in three male adults were much higher than 
in the young birds collected in 1974, but residues in 
their brains were below lethal levels (Table 11). 


0.012 (10) 


0.523 = 0.019 ) 
0.541 0.012 (10) §23 + c RESIDUES IN FISH 


Breeding brown pelicans in South Carolina feed almost 
GULF COAST 
exclusively on young-of-the-year Atlantic menhaden 


(Breevoortia tyrannus) that hatch off the coast from 
Key 0.530 + 0.015 (6) 0.531 52 ' 15) 


0.016 (10) 


Tarpon Key 0.509 + 0.015 (8) 0.487 + 0.015 (10) ; October through April and migrate into the estuaries as 


Cortez 


0.562 + 0.012 (16) 


53 larvae where they usually remain for 6-8 months (/9). 
Bird Key 0.559 + 0.014 (10) 0.517 + 0.014 (10) ) : 


Matlacha 


Pass 0.522 + 0.023 (9) 504 + 0.019 (10) 


Hemp 


Island 0.516 + 0.012 (10) 6.519 + 0.015 (10) 


1See footnote 1, Table 3. 


TABLE 5. Shell thickness of brown pelican ege 
from the Gulf and Atlantic Coasts of Florida, 


I 


1969 


0.498 A 


0.006 (35) 


See footnote 1, Table 
See footnote 2, Table 3 


lantic Coast of Florida, remained stable in Florida Bay tlantic m 
and increased slightly on the Gulf Coast. In contrast lification of resi 
PCBs increased significantly (P 0.05) in two 
and showed little change in the other 
most striking change was on the Atlantic Coast 


Florida where the PCB residues more than doubled from 


1969-70 to 1974 
matically in most 
approximately 1:1 
1969-70 and 1:6 


found in 1974 samy 


chlorine contamination, by area, in pelican e: 


in 1974. DDT residues were rarely 


Residues of DDE in menhaden in 1974 and 1975 were 
much lower than those reported in 1973 (/0); DDT and 
dieldrin were found in most 1973 samples but were not 
detected in 1974-75 samples (Table 12). PCB resi- 
dues averaged about the same in 1973 and 1974 but 


declined substantially in 1975. 


Discussion 
1969-70, 1974 ; 
Because trips to Deveaux Bank were infrequent, it 
ild not be established that starvation was responsible 


GSHELL THICKNESS, MM 


‘saths of downy young in 1974. Both young 


ecropsied exhibited signs of disease that may 
; 


r may not have been related to starvation (Table 2). 
GULF COAST 


nt 


parent deaths of downy young on the 

CRNWR, about 65 km northeast of Deveaux Bank, 
although the pelicans there had poor reproductive suc- 
RILANTE COAG cess and, judging from regurgitated boluses, they preyed 
er variety of fish than usual. Therefore, poor 


food supply was probably responsible for the deaths of 


downy young on Deveaux Bank. 


authors previously suggested that migration of 
enhaden complicate interpretation of biomag- 
a sidues from fish to pelican eggs (/0) 
nenhaden are exposed to varying levels 
two areas : of anochlorine residues during migration. However, 
since determined that breeding pelicans 
olina feed almost exclusively on young-of- 


The DDE:PCB ratio changed dra -year menhaden that apparently 


accumulate nearly 


areas. For example, the ratio was all their residues from local estuaries. The interpreta- 


on the Atlantic Coast of Florida in of biomagnification is still complicated by the 
vavior of the brown pelican that exposes 
sles. The order of decreasing organo it to several habitats with differing degrees of organo- 


i Cee 
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TABLE 6. Organochlorine residues in brown pelican eggs, South Carolina, 1974 


RESIDUES, uG/G FRESH WET WEIGHT 


HEPTA- cis- trans- cis- 
CHLOR OXYCHLOR- CHLOR- Nona- Nona- 
DDT DteELpRIN EPOXIDE MIREX DANE DANE CHLOR CHLOR HCB TOXAPHENE PCBs 


MARSH ISLAND 
0.19 
0.15 


1.56 — 

1.70 y . L 0.15 

2.39 0.25 

1.35 ' bd \ 0.10 

1.51 _— 

1.65 _ ‘i 4.19 
1.65 x ed b 0.13 0.10 7.02 
1.67 _— —_— 6.90 
1.00 Ld bd 6 0.13 — 5.40 
7.03 ‘ d F 0.63 0.35 18.09 
2.46 q 46 » 0.21 0.16 - 13.80 
1.33 3 sf 15 0.16 _— 9.21 
3.83 : ‘ x 0.34 0.22 13.88 
2.36 y 4 db 0.24 0.18 11.80 
1.37 bd bad - 12 0.15 _— 7.66 
1.75 42 2 _ . 0.14 -- 17.00 
4.69 : 2. J 0.71 0.63 13.00 
1.95 ; . b 0.17 0.15 6.49 
2.75 ; 7 q 0.19 0.25 10.50 
1.86 45 y ' 0.10 0.10 5.69 
3.42 7 vi - 2 0.11 0.22 11.70 
1.40 V b 0.13 — 8.15 
2.94 — 0.15 12.50 
3.79 0.17 0.31 7.10 
5.85 0.33 0.30 22.11 


5.51 0.38 0.25 21.80 
1.22 0.16 — 


-— 7.34 
2.45 0.41 i. . ¥ 5 0.17 0.15 8.53 
2.82 —_— 0.20 0.27 12.15 
3.80 0.78 0.24 0.22 11.65 
ppt 0.59 0.19 0.18 9.80 
a-28 0.47 q 0.16 0.23 8.19 
2.38 0.40 ‘ ‘ 0.13 0.16 - 7.38 
5.91 1.25 . y 0.42 0.45 17.72 
0.81 0.19 . ; 15 0.11 0.11 6.39 
3.90 0.68 , — 23 0.19 0.11 8.28 
1.40 0.34 : — — 0.21 0.70 
3.86 0.63 . — .22 0.24 0.17 0.46 11.33 
5.57 1.09 : ’ 0.39 0.31 0.82 14.04 
2.41 0.63 x =~ ‘ 0.22 0.15 0.46 7.05 
1.53 0.26 2 ; 0.16 — 0.17 8.02 
2.38 0.59 © _ 3 — 0.10 0.17 5.47 
5.00 0.90 . 0.47 0.45 0.57 27.48 
3.04 0.78 2 0.28 0.18 0.58 14.43 
3.68 0.83 . © : 0.32 0.17 0.39 11.77 
2.67 0.49 ha 0.16 0.14 - 0.23 5.10 
2.99 0.67 0.30 0.15 - 0.37 9.90 
1.95 0.53 0.12 0.22 0.35 2.30 
1.95 0.36 0.20 0.12 — 8.80 
2.08 0.47 is 0.10 0.23 0.16 — 8.00 
1.07 0.23 - 2 — 0.15 — 0.35 5.80 


2.35 0.41 0.16 0.12 0.13 8.32 
2.04-2.70 0.34-0.51 0.47-0.63 0.14-0.20 0.13-0.19 0.10-0.15 0.10-0.17 7.10- 9.76 
0.81-7.03 ND-1.80 ND-0.73 0.17-2.89 ND-0.32 ND-0.20 ND-0.11 ND-0.61 ND-0.71 ND-0.63 ND-0.10 ND-1.88 0.70—27.48 


DEVEAUX BANK 


1.50 0.50 5.01 
1.27 0.38 5.16 
0.65 0.36 ' 4.07 
1.36 0.37 i 5.00 
1.48 0.38 1.90 
1.84 0.48 - 2 8.14 
1.48 0.47 , 7.53 
1.93 0.56 12 12.00 
0.89 0.22 : " _ 4.24 
2.44 0.76 - - ’ ).15 11.07 
2.70 0.61 5 15 9.82 
2.18 0.40  & —_ 12.16 
1.20 0.34 4.80 
2.30 0.59 


(Continued next page) 
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TABLE 6 (Cont’d.) 


0.34 
0.95 
0.37 
0.59 
0.69 
0.46 
0.37 
0.31 
0.50 
0.43 
0.45 
0.52 
0.42 
0.42 
0.48 
0.37 
0.21 
0.31 
0.23 
0.16 
0.21 
0.22 
0.10 
0.27 
0.39 
0.37 
0.96 
0.48 
0.95 
0.84 
0.73 
0.62 
0.45 
0.31 
0.51 
0.62 
0.44 
0.59 
0.92 
1.22 
3.59 0.76 
3.67 0.37 
2.98 0.69 
1.59 0.38 
4.48 0.96 
2.30 0.80 


GM 1.96 0.45 
CL 1.74-2.21 0.40-0.52 


Range 0.65-4.94 





GM 
CL 1.95-2.34 0.39-0.49 
Range 0.65-7.03 


NOTE: ND or — no residue detected. 
GM geometric mean. 


0.36 
0.73 
0.95 
0.56 
0.61 
0.83 
0.50 
0.39 
0.39 
0.59 
0.43 
0.61 
0.47 
0.44 
0.42 
0.60 
0.55 
0.29 
0.60 
0.22 
0.32 
0.19 
0.27 
1.28 
0.27 
0.44 
0.56 
0.86 
0.39 
1.10 
1.14 
0.80 
0.53 
0.54 
0.33 
0.54 
0.67 
0.61 
0.88 
1.43 
1.22 
0.84 
0.85 
0.71 
0.40 
0.85 


0.96 


0.53 


Organochlorine residues in brown pelican eggs, South Carolina, 1974 


RESIDUES, 4G/G FRESH WET WEIGHT 
HEPTA- cis- 
CHLOR OXYCHLOR- CHLOR- 


DIELDRIN EPoOxIDE MIREX DANE DANE 


0.11 
0.31 
0.12 
0.16 
0.23 
0.21 
0.12 
0.15 
0.12 
0.16 
0.20 
0.19 
0.21 
0.17 
0.24 
0.16 
0.18 
0.31 
0.11 
0.10 
0.14 
0.45 
0.14 
0.18 
0.16 
0.29 
0.41 
0.41 
0.33 
0.29 

& g 

12 


24 


0.50 


0.17 


0.47-0.60 0.14-0.19 


0.19-1.43  ND-0.26 ND-3.01 ND-0.53 ND-0.50 ND-0.83 ND-0.37 ND-0.04 


0.54 


MARSH ISLAND AND DEVEAUX BANK 


0.17 


0.49-0.59 0.15-0.19 


ce. 95 percent confidence limits. 
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trans- 
Nona- 
CHLOR CHLOR HCB TOXAPHENE 


0.12 
0.13 
0.24 
0.16 
0.16 
0.41 
0.26 
0.27 
0.19 
0.83 
0.19 


0.16 

0.25 

0.13 

0.15 

0.12 

0.18 

0.14 

0.32 

0.30 

0.27 

0.31 

0.14 

0.12 

0.12 

0.24 

0.18 

0.21 

0.42 

0.40 

0.33 

0.22 

0.25 0.20 
0.14 0.13 
0.34 0.25 
0.21 0.37 K 0.41 


0.18 0.13 0.11 
0.16-0.21 0.11-0.15 0.09-0.14 


ND-0.76 


0.17 
0.15-0.19 0.11-0.14 0.10-0.14 


ND-1.80 ND-0.73 0.17-2.89 ND-0.32 ND-3.01 ND-0.53 ND-0.61 ND-0.83 ND-0.63 ND-0.10 ND-1.88 


4.74 


5.51 


5.70 
5.96 
1.32 
0.62 
0.95 
2.18 
3.47 
2.20 
5.35 
6.04 
2.68 
4.91 
6.54 
9.90 
14.18 
15.48 
> Be | 
3.30 
8.11 
5.88 
5.80 
7.70 
9.50 
19.40 
21.40 
12.40 
12.60 
11.50 
8.80 
14.30 
24.80 
6.59 
5.48- 7.94 


0.62-24.80 


7.36 
6.50- 8.32 
0.62-27.48 








TABLE 7. Organochlorine residues in brown pelican eggs, South Carolina, 1975 


RESIDUES, uG/G FRESH WET WEIGHT 


trans- cis- 
HEPTACHLOR Oxy- cis- NONaA- NoNaA- 
DDT DIELDRIN EPOXIDE MIREX CHLORDANE CHLORDANE CHLOR CHLOR TOXAPHENE PCBs 


MARSH ISLAND 


1.15 
1.84 
1.00 
1.61 
3.10 
1.53 
1.20 
1.10 
1.22 
2.59 
1.64 
1.20 
0.81 
1.44 
1.09 
1.42 
1.03 
1.10 
0.75 
0.65 
0.96 
0.88 
1.61 
1.7 
1.13 
1.50 
1.91 
1.34 
1.57 
1.64 ] 55 - 4 17 


1.12 32 we 9 

0.70 .16 

1.57 16 

0.36 sas 

0.87 t 2: 0.14 

1.76 ' 0.21 0.27 
1.15 . - 0.13 0.12 
0.70 - 

0.95 2 - 0.10 0.11 
1.71 bd ‘ 0.15 0.21 
1.85 0.14 0.37 
2.76 0.29 0.27 
1.65 7 0.18 0.21 
0.89 “ — 0.23 

1.72 0.35 0.40 12.93 
0.95 0.98 0.14 12.31 


1.80 3 - - 0.16 0.29 17.99 
1.08 2 2 0.15 0.14 6.57 


2.51 


0.23 0.33 20.08 
2.36 


- 0.19 i 0.31 10.81 
1.58 ’ - - 0.12 0.27 7.43 
1.60 - —_ 1.40 
0.18 - - = —- 0.38 
2.00 ‘ . 0.33 0.50 7.47 
1.59 0.28 0.29 10.95 


GM 1.30 0.15 0.21 7.23 
cl 1.15 0.42 0.40 0.19 0.13 0.18 6.13-— 8.52 
Range 0.18 0.81 ND-0.13 0.92 ND-0.11 ND-0.38 ND-0.13 0.67 ND ND 0.38-20.08 


DEVEAUX BANK 


1.24 - - 0.10 
303 0.68 - 0.11 0.15 
1.70 0.37 0.17 0.12 
2.51 0.91 — 5§ - 0.17 0.13 
1.34 0.37 - 0.15 0.12 
1.35 0.32 . - 0.14 0.12 
2.03 0.54 5 - 0.19 0.16 
0.91 0.33 - ~ + 

1.34 0.41 2 - — 0.10 
0.39 — - 0.09 — 


nNnoh.~ 


ADweawn 


RK NNWNNANYSR = 
se uo 
cower DAO 
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TABLE 7 (cont’d.). 








TDE 


0.11 
0.29 
0.80 
0.26 
0.45 
0.31 
0.10 
0.34 
0.41 
0.60 
0.35 
0.35 
0.52 
0.30 
0.42 
0.31 
0.54 
0.38 
0.51 
0.72 
0.20 
0.22 
0.20 
0.23 
0.38 
0.58 
0.41 
0.78 
1.38 
0.44 
0.96 
0.38 


DDT 





ND-3.69 


0.38 
0.31-0.47 
ND-1.38 


DIELDRIN 


0.11 
0.34 
0.64 
0.28 
0.40 
0.21 
0.97 
0.27 
0.97 
0.11 
0.44 
0.29 
0.33 
0.39 
0.35 
0.35 
0.33 
0.45 
0.34 
0.51 
0.46 
0.21 
0.43 
0.35 
0.20 
0.53 
0.40 
0.63 
0.70 
1.04 
0.46 
0.96 


HEPTACHLOR 
EPOXIDE 


0.31-0.46 


ND-1.04 








1.29 
1.14-1.47 


0.36 
0.32-0.41 


ND-3.69 ND-1.38 


ND-0.13 





: ND or — 





no residues detected. 


0.36 


MARSH ISLAND AND DEVEAUX BANK 


0.32-0.40 


ND-0.50 


RESIDUES, G/G FRESH WET WEIGHT 


Oxy- 


0.13 


ND-0.13 


ND-1.04 ND-0.50 ND-0.38 ND-0.13 


cis- 


CHLORDANE CHLORDANE 


0.13 
0.17 
0.29 
0.14 
0.16 
0.17 
0.59 
0.12 
0.15 
.24 
16 
17 
18 
13 
17 
AS 
.20 
19 
19 
.23 
10 
14 


0.16-0.22 


0.17 
0.15-0.19 
ND-0.96 


ND-0.96 


trans- 
Nona- 
CHLOR 


0.11 

0.24 
0.29 
0.19 
0.20 
0.27 
0.33 
0.22 
0.19 
0.24 
0.18 
0.22 
0.22 
0.27 
0.26 
0.27 
0.34 
0.12 
0.19 
0.16 
0.13 
0.28 


0.16 
0.68 
0.28 
0.53 


0.40 


0.16 
0.13-0.20 
ND-0.68 


0.15 
0.14-0.17 
ND-0.98 


0.17 


0.07 
0.16 
0.18 
0.14 
0.35 
0.11 
0.18 
0.14 
0.10 
014 
0.11 
0.11 
0.14 
0.14 
0.14 
0 16 
0.18 
0.09 
0.12 
0.09 
0.13 
0.20 
0.12 
0.20 
0.22 
0.14 
0.31 


0.12 
0.10-0.14 


ND-0.35 ND-1. 


0.12 
0.11-0.13 


Organochlorine residues in brown pelican eggs, South Carolina, 1975 


0.09 
0.22 
0.31 
0.11 
0.38 
0.18 
0.35 
0.22 
0.36 
0.21 
0.58 
0.31 
0.20 
0.37 
0.40 
0.14 
0.10 
0.25 
0.15 
0.12 
0.27 
0.23 
0.26 
1.27 
0.09 
1.02 
0.38 
0.51 


0.67 
0.57 


0.23 
0.18-0. 


0.22 


0.19-0. 


ND-0.40 ND-1. 


CHLOR TOXAPHENE 


30 


PCB 
6.82 
3.92 
4.20 
3.07 
3.60 
1.54 
5.93 
1.98 
3.63 
4.37 
13.56 
9.66 
5.55 
7.88 
10.81 
8.40 
6.86 
5.19 
9.88 
9.86 
10.25 


10.03 
11.46 
3.90 
6.06 
6.11 
4.88 
10.10 


4.20- 6.1 


27. =«1.54-13.5 


25 


27 


5.50-— 7.0% 
0.38-20.08 


GM = geometric mean. 
CL = 95 percent confidence limits. 
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TABLE 8. Organochlorine residues in brown pelican eggs, Florida, 1974 


RESIDUES, 4G/G FRESH WET WEIGHT 


HEPTACHLOR cis- 
EPoxipt MIREX CHLORDANE 


trans- 
NONACHLOR NONACHLOR TOXAPHENE DIELDRIN 


COLONY 


GULF COAST 


Cedar Key 


0.24 


GM 0.29 
Cl 0.16-0.43 
Range ND-0.64 ND ND-0.14 N ND-0.10 N ND-0.58 
Cortez 0.51 0.10 0.20 0.13 0.18 
0.33 — —_ _— 0.14 
0.57 0.18 : 0.27 0.15 0.19 
1.00 0.12 — — 0.12 
0.64 0.14 a 1.00 0.15 
0.39 0.13 ; 0.10 0.13 0.15 
0.37 0.10 0.15 0.19 0.11 
0.12 0.10 —_— _ —_— 
0.31 -- ‘ 0.33 0.23 0.38 
1.47 0.20 0.14 0.17 0.23 
0.35 0.11 0.15 0.11 0.18 
— 0.11 : 0.17 — 0.10 
0.66 0.22 0.19 0.17 0.12 0.19 
0.15 , 0.29 0.20 0.16 0.17 
0.52 0.14 0.23 0.19 0.11 0.20 


GM 0.45 0.12 0.14 0.14 0.06 
Cl 0.28-0.65 0.08-0.15 ; 0.08-0.20 0.04-0.26 0.02-0.10 0.12-0.20 
Range ND-1.47 ND-0.22 ND-0.33 ND-1.00 ND-0.18 ND ND-0.38 


Bird Key 0.15 . 0.60 — 
0.29 } 0.11 
0.26 ~ _ 0.12 
0.55 7 16 0.18 
0.57 .22 0.25 
0.17 
0.13 
0.11 
0.15 
0.10 


0.19 


33 
.20 
.20 
.20 
.80 
50 
0.51 


GM 0.06 1.02 0.07 0.10 
CL 0.18-0.37 0.02-0.10 0.63- 1.51 0.03-0.11 0.07-0.14 
Range ND-0.59 ND-0.19 0.15-— 2.80 ND-0.31 ND-0.19 ND-0.22 ND-0.13 ND-0.60 ND-0.25 


Hemp Island 1.05 0.41 4.10 0.10 0.83 0.48 0.44 —_— 0.65 
0.16 — 0.94 


0.70 0.30 1.50 0.45 0.33 0.18 0.30 

0.28 0.61 _ _ 
- 0.25 

0.52 1.10 

0.58 0.60 

0.16 0.80 

0.73 - 3.30 

0.60 1.40 

0.63 1.80 

0.29 1.70 

0.23 0.50 

0.31 1.30 

0.40 1.30 


0.42 ey 1 24 0.12 
0.29-0.58 0.82- 1.77 0.08-0.18 
Range ND-1.05 ND-0.41 0.50-4.10 ND-0.13 ND-0.10 ND-0.83 ND-0.48 ND-0.44 ND-0.23 ND-0.65 
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TABLE 8 


(Cont’d.). 








COLONY 


RESIDUES, 4G/G FRESH WET WEIGHT 


Organochlorine residues in brown pelican eggs, Florida, 1974 








HEPTACHLOR 
EPOXIDE 


cis- 


MIREX CHLORDANE 





trans- 


NONACHLOR 


cis- 


NONACHLOR TOXAPHENE 


DIELDRIN 








Marquesas Key 


GM 
cz 
Range 


0.13 
0.64 
0.23 
0.11 
0.42 
0.44 
1.05 
0.25 
0.42 
0.39 
0.19-0.61 
0.11-1.05 


ND-0.14 





Fanny Key 


0.37 





1.60 
0.83 
1,06 
0.47 
0.08- 1.00 
ND- 1.60 





GM 
> & 
Range 


1.24 
0.89-1.66 
0.60-2.15 


0.19-0.44 


0.12-0.65 





Cocoa Beach 


CL 
Range 


Pelican Island 


CL 
Range 


Port Orange 


0.67 
1.81 
1.39 
1.13 
0.72 
0.44 
0.74 
0.85 
1.73 
1,72 
1.20 
1.20 
3.46 
0.94 
0.49 


1.13 
0.82-1.51 
0.44-1.81 


0.99 
1.33 
1.25 
1.01 

0.72 
1.11 
1.40 
b.a7 
1.03 
1.40 
1.40 

0.49 
1.72 


1.13 
0.92-1.37 
0.49-1.77 


1.67 
0.91 
1.80 
2.11 
2.64 
1.55 


0.14 
0.45 
0.29 
0.32 
0.13 
0.19 
0.18 
0.23 
0.40 
0.40 
0.27 
0.28 
0.78 
0.29 


0.17 


21-0.38 
13-0.78 


0.25 
0.25 
0.28 
0.16 
0.21 
0.35 
0.46 
0.62 
0.49 
0.60 
0.35 
0.50 
0.13 


0.32 
0.22-0.43 
ND-0.62 
0.43 
0.14 
0.65 
0.59 
0.74 
0.38 





(Continued next page) 
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5.49-10.91 
3.98-12.92 


2.98 
7.80 
6.10 
4.77 
2.40 
5.16 
5.43 
3.00 
5.58 
8.35 
4.76 
7.77 
9.22 
3.38 
2.83 


4.94 
3.89-— 6.24 
2.40- 9.22 


2.48 
5.77 
4.18 
3.07 
4.67 
6.36 
7.25 
9.73 
9.06 
9.52 
9.24 
2.71 
9.26 
1.98 


5.47 
3.96— 7.45 
1.98— 9.73 


10.01 
4.97 
7.80 

11.27 

11.78 


FLORIDA BAY 








ND-0.14 


ND-0.14 





0.12 





ATLANTIC COAST 


0.16 
0.10 
0.14 
0.21 
0.21 


0.05-0.21 
ND-0.22 


ND-0.12 
0.16 
0.16 
0.15 
0.16 
0.13 
0.30 
0.15 
0.16 
0.24 
0.12 
0.11 

0.06-0.16 

ND-0.30 


0.12 
0.07-0.18 
ND-0.11 


0.18 
0.10 
0.24 
0.18 
0.53 
0.17 


ND-0.35 








0.11 
0.13 
0.11 
0.12 
0.20 
0.16 


0.26 
0.19 
0.42 
0.40 
0.24 
0.28 
0.41 
0.40 





ND-0.18 


0.12 


0.17 
0.13 
0.15 
0.13 
0.15 
0.10 
0.18 


0.03-0.11 
ND-0.18 


0.12 


0.11 
0.16 
0.16 
0.20 
0.13 
0.30 
0.17 
0.17 
0.12 


0.11 
0.06-0.17 
ND-0.30 


0.17 
0.10 
0.21 
0.22 
0.34 
0.16 


0.10 
0.04-0.16 
ND-0.20 


ND-0.20 


0.31 
0.24-0.40 
0.19-0.42 





0.05-0.15 
ND-0.23 


0.13 
0.15 
0.13 
0.25 
0.12 
0.14 


0.09 
0.04-0.14 
ND-0.25 


0.10 
0.14 
0.13 
0.26 
0.11 


0.15 


0.07-0.24 
ND-0.46 


ND-0.30 


0.26 
0.23 
0.33 
0.29 
0.24 


0.20 
0.35 
0.44 
0.34 
0.14 
0.27 
0.25 
0.41 
0.70 
0.38 
0.41 
0.33 
0.78 
0.23 
0.18 
0.32 
0.25-0.42 
0.14-0.78 
0.15 
0.33 
0.23 
0.26 
0.23 
0.31 
0.46 
0.60 
0.42 
0.65 
0.45 
0.13 
0.48 
0.15 


0.31 
0.23-0.42 
0.13-0.60 
0.43 
0.46 
0.54 
0.47 
0.62 
0.38 








COLONY 


DDI 


TABLE 8 (Cont’d.). 


TDE PCBs 


Organochlorine residues in brown pelican eggs, Florida, 1974 


RESIDUES, 1G/G FRESH WET WEIGHT 


HEPTACHLOR 
EPOXIDE 


cis- 
CHLORDANE 


trans- cis- 


MIREX NONACHLOR 


DIELDRIN 


NONACHLOR TOXAPHENE 


1.02 
1.16 
1.04 
0.45 
1.51 


0.12 
0.34 
0.38 
0.10 
0.45 
1.00 0.37 
1.94 0.46 
1.34 0.22 


GM 1.32 
Cl 1.03-1.71 
Range 0.45-2.64 


0.33 


0.23-0.47 
0.10-0.74 


5.45 
6.05 
4.90 
4.17 
8.42 
8.30 
7.43 
9.70 


7.39 
6.13-— 8.91 
4.27-11.78 


ND-0.10 


ND 


0.24 0.15 
0.47 0.14 
0.31 0.33 

— 0.12 


0.14 
0.08-0.23 
ND-0.53 


0.12 
0.08-0. 
ND-0. 


0.12 
0.13 
0.11 0.23 
—- 0.41 
0.33 1.53 
_— 0.18 

0.09 
19 0.06-0.13 
34 ND-0.33 


0.11 


0.19 


0.11-0.32 


0.28 
0.31 

0.30 
0.18 
0.42 
0.83 
0.46 
0.28 


0.40 
0.32-0.50 
0.18-0.83 


ND-1.53 
NOTE: ND or no residue detected. 
GM geometric mean 


cl 95 percent confidence limits. 


TABLE 9. 


SAMPLE 


YEAR SIZE DDE 


5.45'A 
44-6.70) 
3.58 B 
2.23-5.72) 
2.48 € 
2.27-2.71) 
3.03 B 
2.70-—3.40) 
2.09 D 
91-2.29) 
2.22 CD 
2.03-2.43) 
1975 102 1.40 £ 
27-1.54) 


1969 


1970 


1971 


1972 


1973 


TDE 


165A 
(1.30-2.10) 
0.79 B 
(0.53-1.20) 
0.48 C 
(0.43-0.53) 
0.36C 
(0.31-0.42) 
0.19 D 
(0.17-0.22) 
0.49 C 
(0.44-0.54) 
0.41C 
(0.37-0.46) 


1969-75 


RESIDUES, “G/G FRESH WET WEIGHT 


DDT 
O45 A 
(0.15-0.83) 
O.S55A 
(0.42-0.69) 
0.17B 
(0.13-0.21) 
0.18 B 
(0.15-0.21) 
0.17B 
(0.15-0.20) 
0.02 C 
(0.01-0.04) 

0.004 C 
(0.002-0.007 ) 


> DDT 
T.8LA 
(6.48-9.40) 
5.27B 
(3.49-7.77) 
3.20 D 
(2.94-3.48) 
3.69 C 
(3.31-4,12) 
2.56 E 
(2.35-2.78) 


(1.64-1.97) 


DIELDRIN 


116A 
(1.03-1.52) 
0.82 B 
(0.52-1.32) 
0.46 C 
(0.40-0.52) 
0.45 C 
(0.39-0.52) 
0.45 C 
(0.41-0.50) 
0.58 C 
(0.53-0.64) 
0.40 C 
(0.36-0.43 ) 


Trends for organochlorine residues in brown pelican eggs, Deveaux Bank and Marsh Island, South Carolina, 


PCBs 
6.11 AB 
(5.00-7.45 ) 
5.25 AB 
(3.92-7.04) 
6.49 A 
(5.44-7.73) 
T.S1LA 
(6.68-8.46) 
4.75 B 
(4.26-5.31) 
7.63 A 
(6.80-8.55) 
6.45 A 


(5.75-7.24) 
'Geometric mean; 95 percent confidence limits are in parentheses. 
See Footnote 2, Table 3. 


The factors underlying the large population increase 
were not evident. 


TABLE 10. Organochlorine residue trends 
The excellent reproductive success in brown pelican eggs from four regions, 1969-70, 1974 
in 1973 cannot account for the large population increase aa 
just 2 years later. It is possible that many South Caro- 
lina adults did not breed before 1975 because of insuf- 
ficient food. Many adult brown pelicans in Mexico and 

California apparently do not breed when the food DDE 4 
supply is poor (2). The breeding population in South FB 04C 
Carolina showed only a slight increase in 1973 when ij re . 
pelicans had an excellent reproductive season and men- AC 1B 
haden were apparently readily available. Thus it is 4 ete 
doubtful that large numbers of adult pelicans in South SC AIA 
Carolina failed to breed from 1969 to 1974. There is a o _ 
no evidence from banding studies that large numbers of GC 27B 
pelicans migrated from natal areas in Florida to South - ao 
Carolina to breed. 


MEAN RESIDUES, 
uG/G FRESH WET WEIGHT 


POLLUTANT REGION! 


1969-70 


4.65 A? 
2.32 B 


0.01 C 
NDC 
NDC 
2.72 C 
1.52 D 
0.39 E 
0.42E 
0.58 B 
0.36 C 
0.04 D 
0.13 D 
7.63 A 
6.12 AB 
0.62 D 
1.18D 


AC 3.68 B 

Although the population increase = = Z 
’ - 

Dieldrin SC O9A 
AC 0.51B 


was probably caused by a combination of factors, the 
most likely factor seems to be the decline in organo- FB hy st4 
chlorine residues that resulted in improved reproductive GC 0.11 D 
success and probable increased longevity after fledging. i ped 

FB 0.75 D 
DDE is the organochlorine exerting most influence on woe st 
reproductive success. However, little is known about 


adult mortality from organochlorines except that several 


1SC = South Carolina, AC = Florida Atlantic Coast, FB =Florida 
Bay, and GC = Florida Gulf Coast. 
*See Footnote 2, Table 3. 
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TABLE 11. Organochlorine residues in tissues of brown pelicans found dead, South Carolina, 1974-75 


RESIDUES, “uG/G FRESH WET WEIGHT 


HeEptTa- cis- trans- cis- 
CHLOR CHLOR- NONA- Nona- Toxa- 
TISSUE ’ : DDT DIeELDRIN EPOXIDE DANI CHLOR CHLOR PHENE MIREX 


Carcass 

Brain 

Carcass —_ 

Brain - ~~ 0.14 

Carcass - 0.13 

Brain _— 

Carcass 

Brain -- 
M AD Carcass 1.67 0.22 0.56 

Brain 3. 0.99 0.10 0.26 0.20 
M AD Carcass . 1.87 0.26 0.62 0.92 

Brain ; 0.91 —- a 0.19 
M AD Brain 0.99 0.10 0.27 0.31 


2: — = no residues detected. 
AD = adult. 


TABLE 12. 


Organochlorine residues in Atlantic menhaden regurgitated by brown pelicans, South Carolina, 1974-75 


RESIDUES, uG/G FRESH WET WEIGHT 


HEPTACHLOR cis- cis- 


trans- 
DDE ‘ : EPoxIbDE 


CHLORDANI NONACHLOR NONACHLOR TOXAPHENE PCBs 


0.01 - - - — - 0.23 
0.04 - 0.19 
0.01 — 0.02 
0.06 - - 0.36 
— 0.22 
0.016 0.147 
0.004-0.060 0.036-0.608 


0.03 0.04 0.03 
0.01 0.03 - - 0.03 
0.02 0.06 - 0.09 
0.03 0.06 - - 0.08 
0.01 0.01 - - 0.02 
0.02 0.03 - - 0.10 
0.01 _- os: — 0.10 
0.02 0.03 - 0.15 
0.01 0.01 0.11 

GM 0.014 0.020 0.050 

Cl 0.009-—0.022 0.010-0.039 0.024-0.107 

— = no residues detected. 

GM = geometric mean. 

CL 95 percent confidence limit. 


pelicans have died of endrin and dieldrin poisoning. An 
increase in adult survival would have a marked effect 
on the breeding population and on the recruitment 
standard necessary to maintain a stable population. 
There are no data to support the theory of increased 
adult longevity, but it may be investigated in the future man for critically editing the manuscript. Appreciation is 
by analyzing banding data. expressed to Steve Joyner, Daniel Doshier, Fred Milton, 
Stewart Givens, George Garris, Julie Keahey, Brad 
Winkler, John Shoerer, Scott Osborne, George She- 
gogue, and others for assistance in the field. We are 
present rate of reproductive success continues, the grateful to Gary Hensler, Jane Dowdy, Ann Potoski, 
population should reach 6,000 breeding pairs within and Robert Schwenk for statistical assistance, and to 
the next 5 years. The pelican population in Florida has Louis N. Locke for necropsy reports. 


been essentially stable since aerial surveys of nesting 
colonies were initiated in 1968 (/8, 2/). 
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Pesticide Contamination of Water Rats in the Murrumbidgee Irrigation Areas, 
New South Wales, Australia, 1970—72 


Penny Olsen’ and Harry Settle * 


ABSTRACT 

Organochlorine pesticides were found in all samples of 
livers, kidneys, mammary glands, and fetuses of eastern 
water rats (Hydromys chrysogaster) collected in the Mur- 
rumbidgee irrigation areas of New South Wales in 1970 and 
1972. DDE was the predominant residue. Livers contained 
0.01-3.10 ppm =DDT air-dried weight; kidneys, < 0.01-1.12 
ppm; mammary glands, 0.14-—23.75 ppm; and fetal liver, 
0.28-0.66 ppm. Variations in residue levels are discussed in 
relation to the possible effects of environmental and physio- 
logical factors. 


Introduction 


Large amounts of water are used in the Murrumbidgee 
irrigation areas of New South Wales for flood irrigation 
of rice crops. Drainage water from these crops and from 
irrigated orchards, vineyards, and cereal and vegetable 
crops enters Mirrool Creek. A weir, Willow Dam, con- 
trols entry of the creek’s water into a storage swamp or 
diverts it for further irrigation use. 


Several pesticides are used on area farms, although 
DDT predominates. About 1-4.5 kg/ha. is used an- 
nually (2), largely to control the bloodworm (Chirono- 
mus sp.) which damages rice seedlings. Eastern water 
rats (Hydromys chrysogaster), common in the irrigation 
area, were collected monthly from Mirrool Creek and 
Willow Dam as part of a study of the biology of the 
species. 


Little is known of pesticide contamination of Australian 
fauna (2). The present study is a preliminary examina- 
tion of the degree of exposure of water rats to 
pesticides. 


Materials and Methods 


SAMPLE COLLECTION 
Eastern water rats were live-trapped from Mirrool 
Creek at Willow Dam near Griffith, New South Wales, 


1 Division of Wildlife Research, Commonwealth Scientific and Indus- 
trial Research Organization, P.O. Box 8&4, Lyneham, Australian 
Capital Territory, Australia, 2602. 

“Australian Government Analytical Laboratories, South Australia 
Regional Laboratory, 344 Tapleys Hill Road, Seaton, South Australia, 
Australia, 5023. 
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between January 1979 and January 1973. Livers, kid- 
neys, mammary glands, and fetuses were removed from 
the freshly killed rats and preserved in 10 percent 
formalin. A small number of samples taken during 
1970 and 1972 were analyzed for pesticides as follows: 
in 1970, January (7), April (3), October (3), No- 
vember (4); in 1972, February (2), May (2), July (7), 
August (6). Sampling pattern is illustrated in Figure 1. 


ANALYSIS 

In the laboratory, samples were drained and air dried, 
cut into small pieces, mixed with sodium sulfate, and 
extracted with hexane in a Soxhlet thimble for 4 hours. 
Extraction for a longer period did not increase residue 
recovery. The hexane extracts were concentrated to 
about 10 ml and partitioned three times with 25 ml 
acetonitrile as a preliminary cleanup. The acetonitrile 
phase was passed into 300 ml 2 percent sodium sulfate 
and shaken with 100 ml hexane. The hexane layer was 
dried by passing it through anhydrous sodium sulfate 
and was concentrated to 5 ml. The concentrate was 
mixed with 20 g 2 percent deactivated Florisil, poured 
into a chromatographic column containing 20 g 2 per- 
cent deactivated Florisil, and eluted in three frac- 
tions (5, 6) as follows: 


Fraction A, eluted with 200 ml 20 percent methylene 
chloride—hexane, was analyzed for lindane, HCB, aldrin, 
heptachlor, heptachlor epoxide, DDE, TDE, DDT, and 
polychlorinated biphenyls (PCBs). 


Fraction B, eluted with 200 ml 20 percent methylene 
chloride—hexane, was analyzed for dieldrin, dursban, and 
trithion. 


Fraction C, eluted with 200 ml acetone, was analyzed 
for malathion, ethion, delnav, and diazinon. 


The eluates were concentrated to 1 ml. Fractions A and 
B were examined by injection into a Varian Model 
2700 gas-liquid chromatograph fitted with a tritium 
electron-capture detector. Fraction C was injected into 
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FIGURE lI. 


Mean organochlorine content of eastern water rat livers by month sampled, Murrumbidgee irrigation area, 


New South Wales, Australia, 1970-72 
(DDT represented at least 94 percent of residues in each month. Number of samples 


analyzed each month was 


a Tracor gas-liquid chromatograph fitted with a phos- 
phorus-mode flame photometric detector (Table 1). 
Residues detected at 0.005 ppm and above were reported 
to the nearest 0.01 ppm. 

CONFIRMATION OF RESIDUES AND RECOVERIES 

All samples having organochlorine residues greater than 
0.1 ppm were spotted on a thin-layer chromatographic 
plate for confirmation. Blank analyses were carried out 


TABLE 1. 


analyses for pesticides in eastern water rats, 1970- 


Parameters for gas-liquid chromatographic 


_79 


_ 


VARIAN 2700 TRAcoR 550 


Detector tritium FPD (P mode) 
¥s-inch 1.D., 6 foot 


effective length 


Columns glass 


Column packing a mixture of 0.2% 3 OV 

DC-200 and 0.8 

QF-1 on 
Varaport 


1 on 
Gas-Chrom Q 


30 
Temperatures, °C 
column 
inlet 


200 
220 
detector 220 
Carrier gas flow (ml/minute) 
nitrogen 

hydrogen 

air 


186 


7 9 


- 
35 


, 2, 7, 6, 3, 4, respectively.) 


at frequent intervals from the sodium sulfate/ Soxhlet 
step. Replicate recoveries (Table 2) were carried out by 
adding known amounts of organochlorine and organo- 
phosphorus pesticides to sodium sulfate in the Soxhlet 
thimble and treating the 
procedure. 


recovery as in the sample 


Because a one-step cleanup was not sufficient, the aceto- 
nitrile—hexane partition method was used (6). This re- 
sults in low HCB recoveries; consequently HCB results 
were corrected for recovery as follows: 


HCB (reported) 


HCB found in determination 
x (100/33) 


Results and Discussion 
Pesticide residues detected in the water rats are listed 
in Table 3. All samples contained organochlorines and 
There 


were no significant differences in residue levels between 


an unidentified organophosphorus compound. 


males and females. Mammary glands, because of their 
fatty 
residues tended to increase as parturition approached. 
Mammary TDE positively correlated with fetal weight 


composition, contained the highest levels, and 
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TABLE 2. Results of replicate recoveries of organochlorines 
and organophosphates in eastern water rats, 1970-72 


AMOUNT 
ADDED, No. OF 


REPLICATES 


MEAN % RECOVERY 


PESTICIDE + STD DEV 


HCB Be 6 330+ 4.49 
DDE Wy 4 76.5 + 6.70 
TDE Ym 6 89.0> 8.61 
DDT 25. only 2 recoveries measured (71% and 92%) 
Dieldrin 25 7 83.0+ 6.36 
Malathion 4 98.8 + 8.93 
Diazinon 5 75.4 + 13.31 
Delnav 85.8+ 4.91 
Dursban 86.7+ 7.49 
Ethion 7 84.6+ 4.03 
Trithio - 86.2 + 7.68 


(P < 0.05). Liver TDE was correlated with mammary 
TDE (P < 0.001). Fetal residues tended to reflect ma- 
ternal liver residues and were positively correlated with 
fetal weight (P < 0.01). 


No significant differences in residues were found be- 
tween younger and older animals and breeding and non- 
breeding animals (Table 4). However, younger animals 
tended to carry lower levels than older animals. The 
nonbreeding female group was the only one which 
showed a positive correlation between age and residue 
level (P < 0.05). Breeding females had the highest 
liver pesticide loads, and nonbreeding females, mature 
and immature, had the lowest. Kidney residues were 
lower in breeders than in nonbreeders. 


Stomachs of pregnant females contained more food 
items, particularly insects, than did those of males or 
nonbreeding females (8). This suggests that breeders 
may have a greater opportunity for contamination 
through greater food consumption and may consume 


more dead and dying nontarget arthropods weakened 


TABLE 3. 


by insecticides, as demonstrated by Stehn in small 
mammal scavengers (7). 


Lower liver residues in non- 
breeding females and increasing residues in mammary 


glands as parturition approached suggested a lowering 
of body burdens through mobilization of fat during 
pregnancy and lactation; this phenomenon is thought 
to occur in harbor porpoises (3) and Arctic ringed 
seals (/). 


Seasonal changes in residue levels may be related to 
irrigation and pesticide application practices in the area. 
Peak residues occurred in animals in April after water 
had been drained from the rice fields in March (Fig. 1). 
Because DDT has a low water solubility and deposits 
out of suspension to be adsorbed on organic matter, 
plants, and sediments (4), increased amounts may be 
available to water rat prey in the dry soil of drained 
rice fields and, particularly, through flushing of water 
with suspended clay, organic matter, and plant material 
into the creek. 


Up to 8 ppm DDT has been found in sediments of 
drainage channels adjacent to the rice bays, indicating 
considerable movement of the pesticide from the site 
of application (K. H. Bowmer, Division of Irrigation 
Fish and 
aquatic insects may also be flushed from the bays or may 


Research, 1974, personal communication). 


be stranded in drained fields, becoming easy prey. A 
smaller peak in residue levels in November coincides 
with the treatment of rice for bloodworm. 


Corresponding with the April peak residue levels, there 
was a seasonal decline in weight of the rats which may 
indicate a breakdown of body fats and consequent 
release of stored pesticides. Because trophic level is 


thought to be one factor in biomagnification of residues, 


Pesticide residues in liver, kidney, mammary glands, and fetal liver samples from water rats, 


Murrumbidgee irrigation areas, New South Wales, Australia, 1970-72 


No 


TISSUE SAMPLES 


Females 
Livers! 0.40 + 0.14 0.09 + 0.05 
(2.10-0.01) (0.85—-ND) 
Kidneys 0.17 = 0.03 0.03 + 0.01 
(0.46-ND) (0.15S-ND) 


RESIDUES, PPM AIR-DRIED WT (2 


0.01 0.01 + 0.01 0.03 
(0.06—-ND) 


STD DEV.) 
(RANGE) 


DDT DIELDRIN HCB SDDT 


+ 0.02 
(0.09-ND) (0.40-—ND) 
ND ND 0.01 + 0.01 0.20 + 0.03 

(0.11-ND) (0.57-0.06) 


0.49 + 0.19 
(3.10-0.01) 


Mammary glands 5.07 + 2.22 2.11 + 1.68 0.64 + 0.37 0.01 + 0.01 ND 7.82 + 3.86 
12.20-0.13) (10.40-ND) (2.23-ND) (0.05—ND) (23.75-0.14) 
Fetal liver 0.30 0.13 0.05 0.04 ND 0.47 


(0.38-0.22) (0.23-0.02) (0.05-0.04) (0.05-0.02) (0.66—0.28 ) 


Males 


Livers 0.44 + 0.10 0.05 + 0.02 ND 0.01 ND 


(1.57-0.02) (0.22-ND) (0.04-ND) (0.04-ND) (0.08-ND) 
Kidneys 13 0.31 + 0.06 0.02 + 0.01 0.01 0.01 
(0.89-ND) (0.20-ND) ND (0.04-ND) (0.08-ND) 


0.49 + 0.11 
(1.61-0.02) 
0.33 + 0.07 
(1.12-ND) 


NOTE: PCBs not detected in any sample; ND 


<9.01 ppm. 
1One liver with 0.01 ppm malathion. 
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TABLE 4. Differences in organochlorine residues in livers 
and kidneys of eastern water rats, Murrumbidgee irrigation 
areas, New South Wales, Australia, 1970-72 


MEAN TOTAL RESIDUES, 
PPM WET WT 


LIVER KIDNEY 


Females 
Est. age < 6 months 
Est. age > 6 months 
Nonbreeding 
Pregnant only 
Pregnant and lactating 
Males 
Est. age < 6 months 
Est. age > 6 months 


0.39 (5) 
0.64 (12) 
0.40 (11) 
0.83 (4) 
0.67 (2) 


0.10 (2) 
0.26 (10) 
0.24 (8) 
0.18 (3) 
0.06 (1) 


0.33 (5) 
0.56 (12) 


0.36 (4) 
0.33 (9) 


NOTE: Age of all animals was estimated by use of dry eye lens 
weights. Tests were scrotal in males 6 months or older and 
nonscrotal in those younger than 6 months. Number of 
animals used in samples is in parentheses. 


it is of interest that in the months of high residue levels, 
April—August, vertebrates were more important in the 
diet and insects were less important (8). Although 
stomach and rectal contents revealed food intake over a 
limited period, they may represent individual preference 
and reflect seasonal trends. Higher residues were found 
in those animals with fish, mammal, bird, and crus- 
tacean remains in their guts than in those with insects 
and spiders (P < 0.01). Mean liver residues and corre- 
sponding stomach contents were as follows: mammals 
(n = 3), 0.99 ppm; fish (2 = 3), 1.29 ppm; birds 
), 1.04 ppm; crustaceans (n = 2), 1.89 ppm; 


3 
(n = 5 
spiders (n = 4), 0.33 ppm; and insects (n = 9), 0.51 


There was no significant difference between residue 
levels in 1970 and 1972. HCB was found in 1970 sam- 
ples only. Dieldrin, found in 4 of 17 liver samples 
(0.01—0.03 ppm) in 1970, occurred in 7 of 17 samples 
in 1972 (0.01-0.09 ppm). DDT and dieldrin sales were 
unchanged during the study. However, in 1972, the 
organophosphate abate was used in more rice-growing 
areas for bloodworm treatment, and HCB was no longer 
recommended for use as a fungicide. 


Data from other studies on water rats are scarce. The 
Australian Academy of Science (2) reports in its ap- 
pendices that residues of =DDT in a water rat in Vic- 
toria were: fat, 0.50; muscle, 0.23; kidney, 0.19 ppm 


wet weight. However, no biological information or lo- 
cality is given. 


Although DDT is no longer recommended for blood- 
worm control, the moderate degree of contamination 
found in water rats and the continuing use of poten- 
tially harmful pesticides in the area point to the need for 
a more detailed study on the fate and ecological effect of 
these substances, with particular emphasis on more 
sensitive species. 
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Organochlorine Residues in Harp Seal (Phagophilus groenlandicus) Tissues, 
Gulf of St. Lawrence, 1971, 1973' 


K. T. Rosewell, D. C. G. Muir, and B. E. Baker 


ABSTRACT 

Levels of p,p’-DDT, p,p’-TDE, p,p’-DDE, dieldrin, poly- 
chlorinated biphenyls (PCBs), and HCB were determined in 
certain tissues of 31 harp seals (Phagophilus groenlandicus ) 
taken from the Gulf of St. Lawrence during 1971 and 1973. 
The seals ranged in age from less than two weeks to 18 
years. Mean concentrations of PCBs and DDT in the vari- 
ous tissues were about the same. DDT levels were 1.64- 
9.88 ppm in adult seal blubber and 1.08-3.73 ppm in seal 
pup blubber. Organochlorine levels in harp seal samples 
taken in 1973 were similar to those reported by other work- 
ers for samples collected in the Gulf of St. Lawrence during 
1967-71. 


Introduction 


Seals occupy a top position in long food chains, and 
because they carry large quantities of subcutaneous fat 
which can store organochlorines, they have been used 
as indicators of pollution in the marine environment 
(/, 3, 5, 7, 8, 11, 13). Organochlorine concentrations in 
seals collected in 1967 and 1968 in the Gulf of St. 
Lawrence indicated a degree of marine pollution similar 
to that in European coastal waters (/0). In the present 
study, harp seals (Phagophilus groenlandicus) from the 
Gulf of St. Lawrence region were examined for organo- 
chlorines to determine whether 1967-68 marine pollu- 
tion levels still existed and to measure organochlorine 
residue levels in various tissues of adult and young 
harp seals. 


Materials and Methods 


SAMPLE COLLECTION 

Tissue samples were obtained from 11 harp seals (age 
1-18 years) caught in the Gulf of St. Lawrence in 1971, 
and 20 harp seal pups caught in the same region in 
1973. All samples were frozen immediately after collec- 
tion and transported to the laboratory where they were 
stored at —20°C until analysis. Blubber, kidney, liver, 
muscle, spleén, brain, and gonad tissues were taken for 
analysis. 

1 Department of Agricultural Chemistry and Physics, Macdonald Col- 
lege of McGill University, Saint Anne-de-Bellevue, Quebec, Canada 
HOA 1C0. Research was supported in part by the Quebec Agricultural 


Research Council and by a scholarship from the National Research 
Council. 
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ANALYTICAL METHODS 

Tissue samples obtained in 1971 were analyzed as de- 
scribed by Porter et al. (/6) for their fat content in order 
to estimate how much tissue would contain the 1-3 g of 
fat required for organochlorine analysis. 


An appropriate weight of each sample was dried with 
sodium sulfate and then extracted with petroleum 
ether (/6). The petroleum ether extracts were cleaned 
by acetonitrile—petroleum ether partitioning and Florisil 
column chromatography (/7). The 6:94 (v/v) diethyl 
ether:petroleum ether eluate from the Florisil column 
was transferred to a 4:1 (by weight) silica—Celite col- 
umn (4) in order to separate PCBs from =DDT. The 15 
percent eluate from the Florisil column, which contained 
dieldrin residues, was subjected to further cleanup in 
which concentrated eluate was refluxed with 2:92 (v/v) 
methanolic KOH (/7). 


Tissue samples from harp seal pups caught in 1973 were 
analyzed for fat content by the method of Holdrinet (/2). 
An appropriate weight of each sample was mixed with 
sodium sulfate and sand and then extracted with hexane 
on a Soxhlet extractor. The hexane extracts were cleaned 
on a deactivated (2 percent) Florisil column (/2, 75), 
and then were passed through a charcoal column (/2) in 
order to separate PCBs and HCB from =DDT. 


Pesticides and PCBs were determined by (*H) electron- 
capture gas chromatography under the 
conditions: 


following 


Chromatograph: 
Columns: 


Varian Model 600D 

glass, 1.08 m 3 mm OD, packed with a 
mixture of 6 percent QF-1 and 4 percent 
SE-30 on Chromosorb W-HP 

glass, 1.68 m 3 mm OD, packed with 
1 percent OV-1 on Chromosorb W-HP 
column (1) 195 

column (2) 185 

Varian Model 1400 

glass, 1.83 m X 3 mm ID packed with: 

a mixture of 6 percent QF-1! and 4 percent 
SE-30 on Chromosorb W-HP 

3 percent OV-225 on Chromosorb W-HP 
column (1) 215 

column (2) 185 


Temperatures, °C: 


Chromatograph: 
Columns: 


Temperatures, °C: 


Known quantities of pesticides (p,p’-DDT, p,p’-TDE. 
p,p’-DDE, and dieldrin) and PCBs (Aroclors 1242 and 
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1260) were added to a sample of the sodium sulfate 
used to dehydrate the tissues. Extraction by the method 
of Porter et al. (/6) produced recoveries of 69-102 
percent for organochlorine pesticides and 69-84 percent 
for PCBs. The following recoveries were obtained using 
the method of Holdrinet (/2): p,p’-DDT, p,p’-TDE, and 
p.p’-DDE, 85-112 percent; dieldrin, 81-89 percent; 
PCBs (Aroclor 1254), 84-85 percent; HCB, 78-89 
percent. 


Gas-liquid chromatography results were confirmed by 
use of two columns of different polarity, by thin layer 
chromatography, and by chemical derivatization. In all 
instances, the results were confirmed by at least two of 
the three procedures. 


Results and Discussion 


The fat content of seal tissues is shown in Table 1. 
Tables 2 and 3 show the results, not corrected for re- 
covery, of analyses of the various tissues for organo- 
chlorines. =DDT and PCBs were detected in all samples. 
Dieldrin was detected in all but five tissue samples 
analyzed. Forty of 42 tissue samples from harp seal 
pups contained HCB. Blubber contained the highest 
levels of organochlorines. The mean PCB and =DDT 
concentrations in various tissues were about the same. 


Mean HCB levels, determined only in seal pups, and 


mean dieldrin levels were similar in all tissues analyzed. 


Brain tissue contained more extractable lipid (8.3 per- 
cent) than did liver (3.5-4.0 percent), kidney (4.2 
percent), muscle (2.6 percent), and spleen (2.8 per- 
cent). Mean levels of ~DDT and PCBs in the brain, 
however, were lower than in other tissues. The results 
suggest that a brain barrier to PCB- and DDT-type 
compounds may exist in the harp seal as reported by 
Frank et al. (7). This may result from a difference be- 
tween the constitution of brain lipids and the lipids of 
depot fat. The authors suggest that a similar phenome- 
non may exist with dieldrin, but it was not observed in 
the present work. 


TABLE 1. Fat content of tissues of harp seals, 
Gulf of St. Lawrence 1971, 1973 


No AVERAGE 
SAMPLES Fat 
TISSUE ANALYZED CONTENT 


Blubber (adults) 5 


~ 
i) 


(pups) 7 


~*~ 
oa 


Liver (adults) 
(pups) 

Kidney (adults) 
Muscle (adults) 
Spleen (adults) 
Brain (pups) 

Gonad (male pups) 

(female pups) 


Ye 2NNS Sw 





Since the types of residues in tissues of the harp seal 
pups were similar to those in the same tissues of older 
seals, it is probable that the residues in the adult seals 
are passed along to the fetus as well as to nursing seal 
pups. Holden concluded that organochlorine residues in 
nursing gray seal pups were derived solely from the 
parent seals, since the pups were still being fed by the 
adult females at the time of capture (//). This conclu- 
sion is supported by the fact that organochlorines have 
been found in the milk of fur seals (2) and harp seals (6). 


Organochlorine levels in harp seal pups in the present 
study are similar to those reported previously in harp 
seals taken from the Gulf of St. Lawrence (9, /0, 14). 
In the present study, blubber, liver, and brain tissues of 
young harp seals contained PCB levels similar to and 
dieldrin levels higher than those found by Frank et 
al. (7). =DDT levels were slightly higher in the blubber 
and liver, but similar in brain tissue to those of pups 
studied by Frank et al. (7). 


In the present study, the blubber of adult harp seals 
contained slightly lower levels of =DDT and PCBs than 
did those reported by Addison et al. (7) and Frank et 
al. (7). Muscle tissue of adult seals contained higher 
levels of PCBs but similar levels of =DDT and dieldrin. 
Liver tissue had lower levels of =DDT but higher con- 
centrations of PCBs than did the corresponding tissue 
analyzed by the above authors (/, 7). Dieldrin concen- 
trations in tissues analyzed for the present study were 
similar to those reported previously (/, 7, 14). 


The ratio of =DDT to PCBs (Table 4) was close to 1.0 
in all tissues except the liver, muscle, and spleen of the 
adult seals. This may reflect heavy use of DDT for 
spraying forests in areas drained by rivers flowing di- 
rectly into the Gulf of St. Lawrence, as well as the high 
degree of urban industrial pollution which is the major 
source of PCBs in the environment. 
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p.p’-TDE 


0.359 
0.036 
0.043 
0.039 
0.016 


0.433 
0.194 
0.088 
0.017 
0.292 


0.683 
0.060 
0.075 
0.031 
0.059 


0.631 
.020 
116 
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J. Walton, 


Organochlorine residues in tissues of adult harp seals, Gulf of St. Lawrence—March 1971 


RESIDUES, PPM WET WEIGHT 


p,p’-DDT = DDT DIELDRIN PCBs 


1.096 2.135 
0.212 0.318 
0.291 0.439 
0.102 0.279 
0.076 0.131 


0.320 
0.012 
0.006 
0.005 
0.002 


2.05 
0.26 
1.45 
0.47 
0.16 
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0.759 


881 
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314 
128 
409 
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2.57 
2.684 
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0.086 
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.253 
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0.002 
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0.103 


2.652 
177 
311 
240 


,77 


0.012 
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0.006 
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0.007 


1.53 
0.19 
0.36 


0.057 


0.022 
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TABLE 3. Organochlorine residues in tissues of harp seal pups, Gulf of St. Lawrence—March 1973 } 





~ SEAL er ee 7, 
NUMBER TISSUE p.p’-DDT p,p’-TDE p.p’-DDE XZDDT 


DIELDRIN HCB 


1 blubber 0.833 0.132 2.019 2.984 0.087 0.054 
liver 0.041 0.007 0.096 0.144 0.005 0.003 
brain 0.026 0.003 0.021 0.050 0.006 0.002 0.097 
blubber 0.602 0.119 1.044 1.765 0.150 0.130 1.869 
liver 0.027 0.004 0.025 0.056 0.007 0.007 0.063 
brain 0.028 0.003 0.010 0.041 0.010 0.005 0.022 
blubber 0.830 0.209 1.314 2.353 0.117 0.061 2.984 
liver 0.031 0.008 0.037 0.076 0.007 0.003 0.116 
brain 0.034 0.006 0.014 0.054 0.008 0.002 0.037 
blubber 0.460 0.079 0.690 1.229 0.092 0.109 1.392 
liver 0.038 0.006 0.036 0.080 0.006 0.007 0.112 
brain 0.022 0.003 0.011 0.036 0.006 0.004 0.029 
blubber 0.599 0.100 0.787 1.486 0.075 0.106 1.601 
liver 0.032 0.004 0.019 0.055 0.004 0.005 0.043 
brain 0.007 0.002 0.007 0.016 0.004 0.003 0.019 
blubber 0.811 0.096 1.206 2.113 0.103 0.114 1.476 
liver 0.023 0.004 0.024 0.051 0.004 0.005 0.039 
brain 0.015 0.002 0.010 0.027 0.006 0.003 0.017 
blubber 0.750 0.129 1.713 2.592 0.082 0.062 2.908 
liver 0.023 0.005 0.040 0.068 0.003 0.003 0.071 
brain 0.023 0.004 0.017 0.044 0.005 0.002 0.039 
blubber 0.670 0.144 1.294 2.108 0.096 0.034 2.623 
liver 6.031 0.008 0.060 0.099 0.009 0.004 0.145 
brain 0.019 0.003 0.016 0.038 0.009 0.002 0.033 
blubber 0.729 0.115 1.294 2.138 0.096 0.055 2.664 
liver 0.021 0.006 0.041 0.068 0.004 0.003 0.099 
brain 0.034 0.005 0.014 0.053 0.007 <0.002 0.041 
blubber 0.660 0.086 1.079 1.825 0.095 0.085 1.810 
liver 0.037 0.007 0.056 0.100 0.007 0.006 0.115 
brain 0.006 0.003 0.007 0.016 0.005 0.002 0.022 
11 blubber 0.578 0.117 1.137 1.832 0.088 0.121 2.020 
12 blubber 0.536 0.086 0.757 1.379 0.075 0.065 2.268 
13 blubber 0.468 0.053 0.562 1.083 0.076 0.083 1.150 
gonad 0.023 0.003 0.012 0.038 0.002 0.002 0.045 
14 blubber 0.634 0.132 1.327 2.093 0.093 0.119 
gonad 0.079 0.014 0.116 0.209 0.008 0.011 
15 blubber 0.735 0.152 0.994 1.881 0.104 0.067 
16 blubber 0.760 0.159 1.362 2.821 0.144 0.097 
17 blubber 0.460 0.071 0.830 1.361 0.073 0.068 
18 blubber 1.188 0.404 2.138 3.730 0.179 0.042 
19 blubber 0.475 0.100 0.708 1.283 0.087 0.050 
20 blubber 0.626 0.070 0.875 1.571 0.074 0.028 
NOTE: Detection limit = 0.002 ppm. 
1Age of pups <2 weeks. 


TABLE 4. Ratios of DDT to DDE and =DDT to PCBs pesticides and polychlorinated biphenyls. J. Assoc. Off. 
in harp seal tissues, Gulf of St. Lawrence—1971-—1973 Anal. Chem. 57(3):580-584. 


‘See DDT/DDE SDDT/PCB Jensen, S., A. G. Johnels, M. Olsson, and G. Otter- 
cia = lind. 1969. DDT and PCB in marine animals from 


Blubber (adults) 2.32 1.24 Swedish waters. Nature 224(5216):247—250. 


— Pa pen i Jones, D., K. Ronald, D. M. Lavigne, R. Frank, M. 

(pups) 0.70 0.92 Holdrinet, and J. F. Uthe. 1976. Organochlorine and 
Kidney (adults) 3.30 1.04 mercury residues in the harp seal (Phagophilus groen- 
Muscle (adults) 1.30 0.54 landicus). Sci. Total Environ. 5:181-195. 


Spleen (adults) 1.65 0.74 Langlois, B. E., A. R. Stemp, and B. J. Liska. 1964. 
Brain (pups) 1.62 1.03 Analysis of animal food products for chlorinated insec- 
NOTE: Ratios calculated from mean concentrations of each residue. ticide residues. I. Column clean-up of samples for 
electron capture gas chromatographic analysis. J. Milk 

(10) Holden, A. V. 1969. Organochlorine residues in seals. Food Technol. 27(7):202-204. 
Report No. E 


; Porter, M. L., S.J. V. Young, and J. A. Burke. 1971. 
International Council for Exploration of the Sea, 7 pp. A method for the analysis of fish, animal and poultry 
Holden, A. V. 1970. Monitoring organochlorine con- tissue for chlorinated pesticide residue analysis. J. 
tamination of the marine environment by analysis of Assoc. Off. Anal. Chem. 53(6):1300-1303. 

residues in seals. Report presented to the FAO Con- 


. : Wessel, J. R., H. C. Barry, J. A. Burke, J. Cummings, 
ference on Marine Pollution, Rome, 15 pp. 


and J. R. McDowell. 1975. Pesticide analytical man- 
Holdrinet, M. V. H. 1974. Determination and confir- ual, Vol. I. Food and Drug Administration, U.S. 


mation of hexachlorobenzene in fatty samples in the Department of Health, Education, and Welfare, Wash- 
presence of other residual halogenated hydrocarbon ington, DC. 
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Nationwide Residues of Organochlorine Compounds in Starlings (Sturnus vulgaris), 1976 


Donald H. White’? 


ABSTRACT 

Organochlorine pesticide and PCB residues in starlings from 
126 sites within the contiguous 48 states were monitored 
during fall 1976. The average nationwide level of DDE and 
PCBs has increased significantly since 1974, but the number 
of sites reporting PCB residues has decreased fivefold. Diel- 
drin residues have remained unchanged since 1974. Highest 
DDE levels occurred in samples from parts of Arizona, 
Arkansas, California, Louisiana, and New Mexico. 


Introduction 


The Fish and Wildlife Service, U.S. Department of the 
Interior, began nationwide monitoring of organochlorine 
residues in starlings (Sturnus vulgaris) in 1967-68 as 
part of the National Pesticides Monitoring Program. 
Residue data from the original collections were to serve 
as a baseline against which future residue levels might 
be compared. Initially, organochlorine compounds were 
to be monitored at 2-year intervals. However, in 1976, 
starling collections were scheduled at 3-year intervals to 
coincide with waterfowl wing collections which also are 
monitored nationwide for organochlorine residues. Star- 
lings were selected because their range is the continental 
United States, they are considered expendable, and their 
omnivorous feeding habits should reflect residues from a 
wide range of food sources (/). The present report 
presents results of the 1976 starling collections including 
residue levels from each collection site, a comparison of 
nationwide averages of DDE, dieldrin, and polychlorin- 
ated biphenyls (PCBs) in the four collection periods 
since 1970, and the distribution of DDE, dieldrin, and 
PCBs by frequency of occurrence at collection sites. 


Collection Methods 


Sampling design and collection procedures have been 
reported previously (/—3). The sample area lies within 
the continental United States and consists of 40 blocks 
of 5° latitude and longitude. In the initial 1967-68 
study, 139 collection sites were randomly selected within 
these blocks and were to be used for starling collections 
thereafter. During September—-December 1976, samples 
were obtained from 126 of the sites. Table 1 lists col- 


1 Fish and Wildlife Service, U.S. Department of the Interior, Patuxent 
Wildlife Research Center, Gulf Coast Field Station, P.O. Box 2506, 
Victoria, TX 77901. 
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lection sites for 1976 by state and county; Figure 1 
shows their actual locations within sampling blocks. 


Starling samples consist of pools of 10 birds taken by 
trapping or shooting, although some samples may be 
smaller; those samples with fewer than 10 birds are 
identified in Table 1. Each pool is wrapped in alumi- 
num foil, placed in a polyethylene bag, frozen as soon 
as possible, and shipped to Raltech Scientific Services, 
'nc., Madison, Wisconsin, for chemical analysis. A total 
of 227 pools were analyzed for organochlorine residues. 


Analytical Procedures 


The feet, beaks, wing tips, and skins were removed from 
birds in each composite sample and the sample was 
weighed and ground in a food grinder. Twenty grams 
of the homogenate was ground with 150 g anhydrous 
sodium sulfate and allowed to air dry overnight in a 
hood. The dried sample was placed in a 43 mm X 
123 mm Whatman extraction thimble and extracted for 
8 hours on a Soxhlet apparatus with 150 ml ethyl ether 
and 150 ml petroleum ether. The resulting solution was 
concentrated to near dryness on a steam bath, and the 
remaining solvent was removed with nitrogen at room 
temperature. The residue was transferred to a 25-ml 
volumetric flask with 93:1 toluene—ethyl acetate solution 
and diluted to volume. 


Five ml of the extract was placed on an Auto-Prep 
Model 1001 gel permeation chromatograph, standard- 
ized for chlorinated insecticides and PCBs, with the 
following operating conditions: 


Packing: 
Column: 
Solvent: 
Flow rate: 
Dump time: 
Collect time: 
Wash time: 


80 g Bio-Beads (SX-3), 200-400 mesh 
600 mm X 25 mm ID 
3:1 toluene-ethyl acetate solution 
5.5 ml/minute 
30 minutes 
14 minutes 
4 minutes 


The resulting solution was concentrated on a flash 
evaporator to approximately 5 ml in the presence of 
5 ml isooctane and diluted to 25 ml with petroleum 
ether. A 4-ul sample was injected into a gas chro- 
matograph equipped with an electron-capture detector. If 
PCBs were not detected, the results were quantified. 
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TABLE 1. Organochlorine residues in starlings, continental United States, 1976 


RESIDUES, PPM WET WEIGHT 


HEPTACHLOR CHLORDANE 
STATE County" : DIELDRIN PCBs? EPOXIDE ISOMERS 
Alabama Marion 
Calhoun 
Arizona Navajo 
Yavapai 
Maricopa 
Graham (3) 
Arkansas Yell 
Lonoke 


0.14 ND 0.05 N 0.04 

0.01 0.85 0.04 N 0.04 

ND ND ND N ND 

0.03 ND 0.01 N ND 

0.01 ND 0.01 N ND 

0.01 ND ND N ND 

ND 0.35 0.13 N 0.06 

0.09 0.15 0.17 . 0.06 

0.02 ND ND N ND 

0.01 ND ND N ND 

0.01 ND 0.01 ’ ND 

0.04 ND ND N ND 

0.08 0.39 ND N 0.01 

0.03 ND ND N ND 

0.02 ND ND N ND 

0.04 ND ND N ND 

0.06 ND 0.01 N ND 

ND ND ND I ND 

ND ND 0.01 N ND 

0.03 0.39 0.09 N 0.17 

0.09 0.28 0.04 N 0.07 

0.11 ND 0.07 N 0.18 

67 0.01 ND ND N ND 
.03 0.16 0.44 0.30 N 0.20 
0.35 0.11 0.26 0.03 ’ 0.13 
0.16 ND ND ND J 0.01 
1.15 N 0.03 ND 0.0: ND 
1.12 0.05 ND 0.02 . ND 
2.06 0.06 0.16 0.01 ND 
0.49 0.17 0.21 0.06 ; 0.05 
0.04 0.22 ND 0.36 5 0.09 
0.65 0.12 ND 0.04 N 0.01 
0.02 0.03 ND 0.03 03 0.01 
0.05 0.23 ND 0.12 0.04 
0.08 N 0.28 ND 0.17 : 0.06 
0.09 0.07 ND 0.11 0.02 
0.29 0.02 0.15 ND ’ ND 
0.05 0.02 ND ND 03 ND 
0.03 0.02 ND 0.01 . 0.03 
0.07 0.16 ND 0.04 : 0.02 
0.04 0.06 ND 0.03 O€ 0.02 
0.15 0.04 ND 0.02 0.03 
1.04 0.04 ND 0.02 N 0.11 


0.93 0.04 0.42 0.08 02 0.10 
10.70 0.04 0.63 0.03 N 0.01 
0.13 0.01 0.24 0.01 0.01 
0.03 0.03 ND ND N ND 
0.47 0.02 ND ND I ND 
0.17 ND 0.11 ND } ND 
0.51 0.02 ND 0.03 N 0.01 
0.05 ND ND ND N ND 
0.04 0.03 ND ND N ND 
0.42 0.18 ND 0.26 I 0.09 
0.67 0.24 ND 0.11 I 0.07 
1.43 0.07 ND 0.04 N 0.03 

0.12 0.06 0.11 0.03 Lae ND 
0.06 0.02 ND ND N ND 
0.03 ND 0.14 ND N ND 
9.06 0.01 ND 0.02 02 ND 
0.01 ND ND ND N ND 
ND ND ND ND N ND 

0.04 0.02 ND ND NE ND 
0.02 ND 0.03 I ND 

ND 0.14 0.05 t 0.04 

0.07 ND ND N ND 

ND ND ND ’ ND 

0.02 ND 0.02 N 0.04 

0.04 ND ND N ND 

0.06 0.32 0.10 . 0.21 

ND ND ND ND 

0.03 ND ND N ND 

ND ND ND N ND 

0.02 ND ND N ND 

0.03 ND 0.03 0.01 

ND ND 0.01 


— or 
> 


awe PP wy &Y 
AR ARAA 
wnt hy we 


California Colusa (9) 
Shasta 
Modoc 
Ventura 
Monterey (9) 
Kern 
Imperial 
Los Angeles 

Colorado Weld 
Montrose 
Crowley 


. &. & 
ane 


oe e> 


Ww VY 


Connecticut New London 

Florida Bay 
Madison 
Highlands 


— om TO 
ee ee eee ee 


Georgia Upson 
Wayne 
Idaho Nez Perce 
Owyhee 
Franklin 
Minidoka 
Illinois Stephenson 
Adams 
Kane 
Indiana Henry 


ZTTOO ACOee == 
wre vw bw dN NHK NeH a2BNY SONY 2H 


ee ee 


lowa Fremont 
Jasper (8) 
Marshall (9) 
Kansas Rawlins 
Phillips (7) 
Kearny (9) 
Nemaha 
Marion 
Kentucky Ohio 
Hopkins (9) 
Louisiana Jefferson 
Rapides 
Maine Penobscot 
Michigan Chippewa 
Grand Traverse 
Kent 
Ingham 
Minnesota Aitkin 
Renville 
Mississippi Leake 
Harrison 
Jackson 


NNN NY NNN PNK— BaF UBF YM YW pa PwYwNNiv 


~~ 


E 
€ 
4 
E 
E 
E 
E 
F 
I 
I 
G 
4 


STOO TO DTLIILA 
CT) ee , GIG 


Missouri Butler (7) 
Bollinger 
Montana Meagher (9) 
Missoula 
Richland (6) 
Yellowstone 
Nebraska Keith (7) 
Brown 
Lancaster (6) 
Clay 
White Pine 
Humboldt 
Nye 
Clark 
New Mexico Bernalillo 
Santa Fe 
Luna 
Otero 
Chaves 
Quay 


Y~whrhh ewe NNR eK &— Pe YH ta wh 


Na 


WWNNNNNN 


NWN hw YCNSW NK SY RR he Be NN NRK om 


jap ae oe ae ae ae ee 
MOCOOS Seen Nm 


ee ad 


194 PESTICIDES MONITORING JOURNAL 





(Cont’d.). 


Organochlorine residues in starlings, continental United States, 1976 
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RESIDUES, PPM WET WEIGHT 
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not detected. 
consist of a pool of 10 birds. 


If PCBs were detected, the extracts were subjected to 
silicic acid separation. Ten ml of the extract from the 
gel permeation chromatograph was placed on a 15-g 
standardized Silicar CC-4 column. Typical elutions were 


as follows: 


Fraction I: 
Fraction II: 
Fraction III: 


Fractions I 
to 1-2 ml; 


60 ml petroleum ether, contains HCB and mirex 

350 ml petroleum ether, contains PCBs and some DDE 
150-mi mixture of 1 percent acetonitrile, 19 percent 
hexane, and 80 percent methylene chloride, contains 
the remaining organochlorine compounds 


and II were concentrated on a steam bath 
Fraction III was concentrated on a flash 
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ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 


HEPTACHLOR 
EPOXIDE 


CHLORDANE 


DIELDRIN ISOMERS 


PCBs? 





ND 
0.02 
0.02 
0.03 
0.20 
0.01 

ND 

ND 
0.05 
0.15 
0.01 
0.03 
0.03 
0.05 
0.10 
0.10 
0.05 
0.06 

ND 

ND 

ND 
0.05 
0.06 
0.02 

ND 
0.02 
0.02 
0.14 


0.05 
0.04 
0.02 
0.04 
ND 
0.04 
ND 
0.01 
ND 
0.01 
0.02 
0.02 
0.06 
0.12 
0.24 
ND 
0.01 
ND 
0.01 
ND 
ND 
0.03 


ND 
ND 
ND 
ND 
0.18 
ND 
ND 
0.16 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
0.48 
ND 
ND 
ND 
ND 
0.22 
ND 
ND 
ND 
ND 
ND 
0.55 
ND 
ND 
ND 
0.11 
ND 
0.11 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 


0.03 
ND 


ND 
ND 
0.03 
ND 
ND 
ND 


0.04 
0.05 
0.02 
0.02 
0.05 
0.02 
0.01 
0.15 
0.05 
0.02 
0.02 
ND 
ND 
0.06 
0.06 
ND 
ND 
ND 
ND 
0.01 
0.89 
0.04 
0.04 
0.47 
0.01 
ND 
0.02 
ND 


0.04 
ND 
ND 
ND 
0.11 
ND 
ND 
ND 
0.05 
0.01 
0.03 


Numbers in parentheses indicate samples made up of fewer birds. 
antified on the basis of Aroclor 1254. 


evaporator to 1-2 ml. All were diluted to 10 ml with 
petroleum ether. Quantities of 4 yl per solution were 
injected into a gas chromatograph equipped with an 
electron-capture detector. 


Determinations were made on a Hewlett-Packard Model 
5710A gas chromatograph equipped with a linear Ni®* 
detector and automatic injector, attached to a Hewlett- 
Packard Model 3352C data acquisition system. Instru- 
ment parameters and operating conditions for determin- 
ing chlorinated insecticides and PCBs follow: 
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Column: glass, 1219 mm X 4 mm ID, packed with a 
mixture of 1.95 percent OV-17 and 1.5 percent 
QF-1 on 80—100-mesh Supelcoport 

column 200 

injector 250 

detector 300 

a mixture of 95 percent argon and 5 percent 
methane flowing at 33 ml/minute 


Temperatures, °C: 


Carrier gas: 


Instrument parameters and operating conditions for 
determining chlordane isomers were: 


Column: glass, 1219 mm X 4 mm ID, packed with 3 per- 
cent OV-1 on 80—-100-mesh Gas-Chrom Q 
column 190 

injector 250 

detector 300 

a mixture of 95 percent argon and 5 percent 
methane flowing at 32 ml/minute 


Temperatures, °C: 


Carrier gas: 


Residues in 5 percent of the samples were confirmed by 
mass spectrometry. Recoveries were 74—120 percent; 
analytical results were not corrected. 


All residues are expressed as ppm wet weight. They 
may be converted to dry or lipid weight by dividing a 
given wet-weight value by 0.30 or 0.05, the mean pro- 
portions of dry and lipid material in the samples. Quan- 
tification limit was 0.01 ppm for organochlorine com- 
pounds. Trace residues were not reported. 


B Cc 


Results and Discussion 


Residues of DDE, DDT, dieldrin, PCBs, heptachlor 
epoxide, hexachlorobenzene (HCB), and chlordane 
isomers in starlings collected in 1976 are shown in 
Table 1. Since collections were made in the fall, residues 
do not necessarily reflect year-round levels. Also, find- 
ings should not be interpreted strictly on a statewide 
basis because some starlings are migratory. However, 
samples from certain localities consistently contain fairly 
high residues, suggesting that samples reflect local en- 
vironmental contamination. For example, when results 
from previous monitorings (/—4) are compared, samples 
from certain parts of Arizona, Arkansas, California, 
Louisiana, and New Mexico usually contain higher DDE 
levels than do those from other states. 


A summary of DDE, dieldrin, and PCB residues in 
starlings from 1970 through 1976 is shown in Table 2. 
The average DDE level in 1976 was similar to the 1970 
level, before the use of technical DDT had been sus- 
pended. In fact, DDE residues were significantly higher 
nationwide (P<0.001) in 1976 than in 1974 (Table 2). 
It is difficult to explain why DDE residues have in- 
creased sharply since 1974, when residues were at their 
lowest level in 7 years. Possibly, DDT or its related 
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FIGURE lI. 


Starling collection sites, continental United States, 1976 
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TABLE 2. Comparison of DDE, dieldrin, and PCB residues in starlings, continental United States, 1970-76 


RESIDUES, PPM WET WEIGHT 


DDE 


No. Poo.s X + SE} RANGE GEoM. X xX +SE 

125 0.839 + 0.138 0.037-—48.2 0.355 0.117 + 0.038 
(125) (125) 

1972 130 0.788 + 0.124 0.047-14.8 0.387 0.098 + 0.018 
(130) (130) 

1974 126 0.617 + 0.118 0.007- 9.1 0.229 0.057 + 0.011 
(126) (122) 

1976 126 0.827 + 0.1742 0.010-12.4 0.254 0.059 + 0.006 
(124) (96) 


1Figure in parentheses represents number of pools having detectable residues. 


DIELDRIN PCBs 


RANGE GEOM. X X+SE RANGE GEOM. X 
0.005-3.59 0.036 0.663 + 0.196 0.09-24.3 0.358 
(125) 
0.005-1.56 0.035 0.425 + 0.153 0.04-19.9 0.215 
(130) 
0.005-1.01 0.019 0.112 + 0.016 0.01- 1.9 0.068 
(126) 
0.010-0.28 0.039 0.290 + 0.0362 0.11- 0.85 0.243 
(26) 


2 Residues in 1976 significantly higher than in 1974 (P<0.001, Students t-test, log-transformed data). 


compounds may have been used, especially in certain 
geographical regions of the country. 


Dieldrin residues declined steadily between 1970 and 
1974, but the average dieldrin level in 1976 was almost 
identical to the 1974 average (Table 2), indicating no 
further decline of dieldrin during the 2-year period. 


PCBs have increased significantly nationwide (P<0.001 ) 
since 1974, although 1976 residues remained below 
those reported for 1970 and 1972 (Table 2). Only 26 
samples contained PCBs in 1976 compared to 126 in 
1974; although the average PCB level was higher in 
1976 than in 1974, the number of sites reporting PCB 
residues decreased fivefold in 1976. 


The distribution of DDE, dieldrin, and PCBs by fre- 
quency of occurrence at collection sites for 1976 is 
shown in Table 3. In general, residues were low; most 
values were between 0 and 1.0 ppm for the three com- 
pounds. Dieldrin and PCBs were not detected in star- 
lings at levels greater than 1.0 ppm. 


In addition to organochlorine compounds in Table 1, 
certain other chemicals were detected in starlings less 
frequently. TDE occurred in six samples, ranging from 


TABLE 3. _ Distribution of residues in starlings by frequency 
of occurrence, continental United States, 1976 
NUMBER OF SITES WITH RESIDUES 
RANGE, PPM DDE DIELDRIN PCBs 
ND- 0.01 3 43 99 
>0.01- 0.10 36 0 
>0.10- 1.0 63 7 


>1.0 -13.0 23 0 


NOTE: ND = not detected. 
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0.01 to 0.10 ppm; mirex was found in 13 samples, 
mostly from southeastern states, ranging from 0.01 to 
1.24 ppm; lindane was detected in six samples, ranging 
from 0.01 to 0.15 ppm; and endrin occurred in only 
three samples, ranging from 0.02 to 0.18 ppm. 


Conclusions 
Nationwide, residues of DDE in starlings have increased 
significantly since 1974 to approximately the level re- 
ported in 1970 samples. Average PCB levels also in- 
creased, but the actual number of samples containing 
PCB residues declined. Dieldrin levels have remained 
unchanged since 1974. 


These data indicate that starlings can serve as indicators 
of environmental contamination and thus provide in- 
formation on residue trends over time. Geographical 
differences in residue levels also were detected. 
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Pesticide A pplication and Cropping Data from 37 States, 1972— 
National Soils Monitoring Program 


Ann E. Carey’ and Jeanne A. Gowen* 


ABSTRACT 

This report summarizes pesticide application and cropping 
data collected in 1972 from 1,402 agricultural sampling sites 
in 37 states as part of the National Soils Monitoring Pro- 
gram. Pesticide application data are summarized by all sites, 
state, and crop. Tables generally give the number of sites re- 
porting, number of times a compound was applied, percent 
occurrence, and arithmetic mean application rate. 


Pesticides applied most frequently were atrazine, 2,4-D, 
captan, and trifluralin. Among selected major crops, pesti- 
cides were most frequently applied to sites growing field corn 
and cotton, least frequently to sites growing alfalfa/bur 
clover and mixed hay. 


Introduction 

The increasing use of chemical pesticides in agriculture 
in the past 30 years has helped fewer farmers feed more 
people than at any other time in h‘story. Today, the 
American farmer not only feeds and clothes this Na- 
tion’s population, but also contributes significantly to the 
rest of the world. Yet the sensible use of toxic com- 
pounds also carries the responsibility to minimize their 
effects on nontarget components of the environment. 


In 1963, the President’s Science Advisory Committee 
recommended that appropriate federal agencies “develop 
a continuing network to monitor residue levels in air, 
water, soil, man, wildlife and fish” (7). As a result of the 
recommendation, the National Pesticide Monitoring Pro- 
gram (NPMP) was established to determine Icvels and 
trends of pesticides and their degradation products in 
various components of the environment (2). The federal 
responsibility for monitoring pesticides was officially 
codified in Section 20 of the amended Federal Insecticide, 
Fungicide and Rodenticide Act of 1972 (PL 92-516). 


1Ecclogical Monitoring Branch, Benefits and Field Studies Division, 
Office of Pesticide Programs, U.S. Environmental Protection Agency, 
TS-768, Washington, DC 20460 


“Extension Agent, Colorado State Extension Service, Golden, CO. 
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The National Soils Monitoring Program (NSMP) is an 
integral part of the NPMP and monitors residues in 
agricultural soils and raw agricultural crops. It was 
established in 1968 by the U.S. Department of Agricul- 
ture and is administered by the U.S. Environmental Pro- 
tection Agency. The present report summarizes pesticide 
application and cropping data collected during 1972 
(FY-—73) from 1,402 sampling sites in 37 states. Data 
for composite soil and crop samples, collected from the 
sites for pesticide residue analysis, are presented in a 
separate report (3). 


Sampling 

The site selection criteria and statistical design of the 
NSMP have been described (4). In 1972, 1,533 sites in 
37 states were scheduled for sampling (Fig. 1). At each 
4-hectare (10-acre) site, the landowner or operator was 
interviewed concerning crops grown and the kinds and 
amounts of pesticides applied during the 1972 growing 
season. ’ 


Results and Discussion 


COMPOUNDS APPLIED TO CROPLAND 

Cropping and pesticide use data were received from 
1,402 of the scheduled 1,533 sites or 91 percent. Of 
these, 742 or 53 percent of the sites had one or more 
pesticides applied during the 1972 growing season. Tables 
summarizing the application data show the number of 
sites reporting a pesticide application, the percent of 
sites reporting the pesticide application, and the average 
rate of application, expressed in pounds per acre and 
kilograms per hectare. 


Table 1 lists the frequency of pesticide use on sample 
sites in various states and state groups. Because some 
small eastern states had very few sites, those with similar 
geographic location and/or agricultural characteristics 
were combined to obtain more representative data. State 
groups used were Mid-Atlantic: Delaware, Maryland, 
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FIGURE 1. States scheduled for sampling, 1972—National Soils Monitoring Program 


TABLE 1. Pesticide application data from 1,402 reporting 
sites in 37 states, 1972—National Soils Monitoring Program 


PESTICIDES No PESTICIDES 


No. OF USED USED 


SITES ‘ 
STATE REPORTING No. % No. 


Alabama 45 11 
Arkansas 7 ; 62 18 
California : 42 
Florida - 47 
Georgia 3 48 
Idaho 50 
Illinois 68 
Indiana 7 61 
lowa 71 
Kentucky 44 
Louisiana 7 3 67 
Michigan 3 52 
Mid-Atlantic! 56 
Mississippi 7 2 89 
Missouri 3 48 
Nebraska 41 
New England! 9 
New York 3 3 42 
North Carolina 3 7 55 
Ohio ; 46 
Oklahoma 2 63 
Oregon 37 : 41 
Pennsylvania 41 
South Carolina 10 63 
South Dakota 45 42 
Tennessee 10 45 
Virginia/West 
Virginia? 4 17 20 
Washington : 26 58 19 
Wisconsin . 25 38 41 
TOTAI 1,402 742 53 660 
1Because some small eastern states had very few sites, those with 
similar geographic location and/or agricultural characteristics were 
combined to obtain more represeniative data State groups used 
were Mid-Atlantic: Delaware, Maryland, and New Jersey; New Eng- 
land: Connecticut, Maine, Massachusetts, New Hampshire, Rhode 
Island, and Vermont; and Virginia and West Virginia. 
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and New Jersey; New England: Connecticut, Maine, 
Massachusetts, New Hampshire, Rhode Island, and 


Vermont; and Virginia and West Virginia. Among 


individual states and state groups, frequency of pesti- 
cide use ranged from 9 percent in the New England 
states to 89 percent in Mississippi. 


ALL SITES 


The 121 compounds applied to all sites included 54 
herbicides, 38 insecticides, 20 fungicides, 4 acaricides, 
2 defoliants, 2 soil fumigants, and 1 growth retardant 
(Table 2). The most commonly applied compounds 
were atrazine, 2,4-D, captan, and trifluralin, which were 
used on 14, 10, 8, and 7 percent of the sites, respectively. 


BY STATE 

Table 3 presents the application data by state or state 
group. Because of the number of states sampled, it is not 
feasible to discuss in detail the pesticide data from each 
state. However, pesticide application data from each 
state tended to reflect both the crops grown and the 
intensity of agricultural land use in the state. For ex- 
ample, Iowa, predominantly a corn- and soybean- 
producing state, recorded the use of 17 compounds on 
149 sites. California, a fruit and vegetable producer, 
recorded 29 compounds used on 352 sites. 


In Figure 2, the frequency of reported pesticide applica- 
tions in each state was arbitrarily classified as follows: 
low, less than 25 percent of the sites reported pesticide 
application; medium, 25-59 percent reported applica- 
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COMPOUND 


Alachlor 
Aldicarb 
Aldrin 
Amitrole 
Ancrack 
Atrazine 
Azinphosmethyl 
Benefin 
Benomyl 
Benzene 
hexachloride 
Bromacil 
Bromoxynil 
Butylate 
Bux 
Captafol 
Captan 
Carbaryl 
Carbofuran 
Carbophenothion 
Chioramben 
Chlorobenzilate 
Chlordane 
Chloroneb 
Chloropropham 
Chloropropylate 
Chloroxuron 


TABLE 2. Summary of compounds applied to 1,402 cropland sites in 37 states, 1972— 
National Soils Monitoring Program 


TRADE 
NAME 
IF NOTED 


Lasso 
Temik 


AAtrex 
Guthion 
Balan 
Benlate 


Hyvar 


Sutan 


Difolatan 


Sevin 
Furadan 
Trithion 
Amiben 
Acaraben 


Demosan 
Chloro-IP¢ 
Acarolate 
Tenoran 


Copper carbonate 


(basic ) 
Cyanazine 
Cycloate 
2,4-D 
Dalapon 
2,4-DB 
DDT 
DEF 
Diazinon 
Dibromochloro 

propane 
Dicamba 
Dichlone 
Dichloropropene 
Dichlorprop 
Dicofol 
Dicrotophos 
Dimethoate 
DNBP 
Dinitrocresol 
Diphenamid 
Disulfoton 
Diuron 
Dodine 
DSMA 
Dyfonate 
EMTS 
EPN 
EPTC 
Ethion 
Ethoprop 
Ethylmercury 

chloride 
Fenac 
Fenaminosulf 
Fensulfothion 
Fentin hydroxide 


Bladex 
Ro-Neet 


Dowpon 
Butyrac 


Nemagon 
Banvel D 
Phygon 
Telone 
2,4-DP 
Kelthane 
Bidrin 
Cygon 


Premerge 
Enide 
Di-Syston 
Karmex 
Cyprex 
Ceresan M 
Eptam 
Mocap 


Ceresan Red 


Dexon 
Dasanit 


SITES REPORTING 
APPLICATION 


No. 


86 ; 1.38 

2 . 0.40 

33 ; 1.57 

1 ' 0.15 

4 1.08 

200 . 1.56 
4 ] 
) 


~ 


AVERAGE TOTAL 
APPLICATION 


~ Le/ ACRE KG HA 





TRADE 
NAME 
Ir Noted 


COMPOUND 


SITES REPORTING 
APPL!CATION 


No. % 


AVERAGE TOTAL 
APPLICATION 


LB/ACRE KG/HA 





Fluometuron 
Folex 
Heptachlor 
Hexachloro- 
benzene 
Lead arsenate 
Lindane 
Linuron 
Malathion 
Maleic hydrazide 
Maneb 
MCPA 
MCPB 
Mercury 
Methomyl 
Methoxychlor 
Methylmercury 
acetate 
Methylmercury 
dicyandiamide 
Methyl trithion 
Metribuzin 
Mevinphos 
Mirex 
Molinate 
Monocrotophos 
MSMA 
Naled 
Naptalam 
Nitralin 
Norea 


Cotoran 


No-Bunt 


Lorox 
MH 


MCP 


Lannate 


Panogena 


Sencor 
Phosdrin 


Ordram 
Azodrin 


Dibrom 
Alanap 
Planavin 
Herban 
Oil spray 
Oxythioquinox Mores‘an 
Paraquat 
Parathion, ethyl! 
Parathion, methyl 
PCNB 
Pebulate 
Pentachloro- 
phenol 
Phenylmercury 
acetate 
Phorate 
Picloram 
Polyram 
Prolate 
Prometryn 
Propachlor 
Propanil 
Propargite 
Propham 
Pyrazon 


Tillam 
PCP 


PMA 
Thimet 
Borolin 


Imidan 
Caparol 
Ramrod 
Stam 
Omite 
IPC 
Pyramin 
Simazine 
Sodium chlorate 
Sulfur 

TCA 

TCBC 

rEPP 

Terbacil 

Thiram 


Princep 


Toxaphene 
Irietazine 
Trifluralin Trefian 


Vernolate Vernam 


Ceresan L 


N 


ee 
cs ta te oe 6a om oe oe 


esNN = NWO = 
ana 


p= 


| 
—aromuUm em 


to 
aS 


we 


NU wWNN 


— + 
ee er a ee een) 


SNe eK 


4 


Ree eK oe eee 


0.93 
1.10 
1.26 


1.04 
1.23 
1.41 


0.04 
4.00 
0.01 
1.11 
0.04 
2.25 
0.70 
1.40 
0.85 
0.04 
0.34 
0.19 


0.04 
4.48 
0.01 
1.24 
0.04 
2.52 
0.78 
1.56 
0.95 
0.04 
0.38 
0.21 
0.01 0.01 
0.01 
0.25 
0.50 
0.25 
0.01 
3.00 


0.01 
0.28 
0.56 
0.28 
0.01 
3.36 
1.67 1.87 
2.36 2.65 
1.00 1.12 
1.35 1.52 
1.16 1.30 
1.57 1.76 
55.00 61.64 
0.08 
43 48 
29 57 
.99 3.35 
02 
00 48 


OS 0.06 


nN 


01 
-84 
12 
39 
98 
16 
.92 
78 
96 
05 
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12 


21 
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TABLE 3. Compounds applied to cropland sites by : 


COMPOUND 


Atrazine 
Benefin 
Benomyl 
Captan 
Disulfoton 
2,4-D 
DNBP 
Linuron 
Naptalam 
Parathion, methyl 
Toxaphene 
Trifluralin 
Vernolate 


Alachlor 
Ancrack 
Captan 
Chloroxuron 
DEF 

DDT 
Dicrotophos 
Disulfoton 
Diuron 
DNBP 
DSMA 
2,4-DB 
EMTS 

EPN 
Fluometuron 
Folex 
Linuron 
Mercury 
Metribuzin 
MSMA 
Naptalam 
Nitralin 
Paraquat 
Parathion, ethyl 
Parathion, methyl 
Prometryn 
Thiram 
Toxaphene 
Trifluralin 


Alachlor 
Carbophenothion 
Chloroneb 
2,4-D 
DNBP 
Dibromochloro- 
propane 
Dicofol 
Disulfoton 
EPT( 
Fenaminosulf 
Malathion 
MCPA 
Methornyl 
Mevinphos 
Molinate 
Naled 
Nitralin 
Paraquat 
Parathion, ethyl 
Parathion, methyl 
Phorate 
Prolate 
Propanil 
Propargite 
Simazine 
Sulfur 
TEPP 
Toxaphene 
Trifluralin 


a Sites REPORTING 
TRADE APPLICATION 
NAME eared 
iF NOTED No. % 
ALABAMA, 20 SITES 
AAtrex 
Balan 
Benlate 


5.0 
15.0 
10.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 
10.0 
10.0 
15.0 


Di-Syston 


Lorox 


Treflan 


l 
3 
2 
1 
1 
1 
Premerge 1 
i 
1 
1 
rs 
3 
Vernam 3 


ARKANSAS, 47 SITES 


Lasso 


nS 


Tenoran 


— = tm 
a 


i 
4 
| 
a 


NmwnN 


a 


Bidrin 
Di-Syston 
Karmex 
Premerge 


Butyrac 
Ceresan M 


Cotoran 


CrP PNENHS HAHN SS 


Lorox 


JNMeK NK NBNSFNK NY 


Sencor 


Alanap 
Planavin 


a 


Conn sS q 
Ree Hew Re HOw HK ORK WUWUw ew 


Caparol 
Siimusoy 


1 
9 
3 
l 
l 
9 
3 
5 


Trefian 


CALIFORNIA, 


Lasso 
Trichion 
Demosan 


Premerge 


Nemegon 
Keithane 
Di-Syston 
Eptam 
Dexon 


Vee ee ve 


MCP 
Lann 
Phosdrir 
Ordram 
Dibrom 
Plar 


Thimet 
Imidana 
Stam 
Omite 
Princep 


MWe RK NN Ree EN NUN Re eee 


Treflan 


(Continued next page) 
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AVERAGE TOTAL 


APPLICATION 


00 
-75 
3.50 
O1 
00 
.00 
.00 
00 
00 
.00 
50 
.00 
-75 


LB/ACRE 


KG Ha 


1.12 
0.84 
3.92 
0.01 
12 
12 
12 
12 
24 
57 
53 
24 
84 


Wi Be rm 


COMPOUND 


Atrazine 

Azinphosmethy] 

Carbophenothion 

Chlorobenzilate 

Copper carbonate 
(basic) 

Ethion 

Fensulfothion 

Oil spray 

Sulfur 


Alachlor 
Atrazine 

Benefin 

Captan 

Carbaryl 

DDT 

Captafol 
Disulfoton 
Fentin hydroxide 
Mirex 

Matleic hydrazide 
Parathion, ethyl 
Parathion, methyl 
Sulfur 
Toxaphene 
Trifluralin 


Atrazine 
Bromoxynil 
2,4-D 

DDT 
EMTS 
EPTC 
MCPB 
Sulfur 
Trifluralin 


Alachlor 
Aldrin 
Atrazine 
Butylate 
Bux 
Captan 
Carbofuran 
Chloramben 
Chlordane 
2,4-D 
2,.4-DB 
Diazinon 
Dicamba 
Dyfonate 
EPTC 
E -hyimercury 
chloride 
Heptachlor 
Lindane 
Linuron 
Malathion 
Methoxychlor 
Nitralin 
Phorate 
Propachlor 
TCBC 
Simazine 
Trietazine 
Toxaphene 
Trifluralin 
Vernolate 


Alachlor 
Aldrin 
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SITES 
TRADE 
NAME 
IF NOTED 
FLORIDA, 
AAtrex 
Guthion 
Trithion 
Acarasen 


Ethodan 
Dasanit 


GEORGIA, 
Lasso 
AAtrex 
Balan 


Sevin 
Difolatan 
Di-Syston 


Du-Ter 


MH-30 


RK NMR Be NE NNR SK KU eee 


Treflan 


IDAHO, 


I 
Ceresan M 2 
Epiam l 
1 
l 


Treflan 


ILLINOIS, 


Lasso 10 
6 

AAtrex 

Sutan 


Furadan 


os 
RNMeK we 


Planavin 
Thimet 


Ramrod 


Kandoux-T 
Princep 
Gesafloc 


Treflan 
Vernam 


— Nee ee Ne 


INDIANA, 


No. 


REPORTING 


APPLICATION 


% 


15 SITES 
6.7 
6.7 
6.7 


26.7 
6.7 
20.0 
6.7 
13.3 
26.7 


27 SITES 


30 SI 


139 SITES 


4 
2 


a. 
, 


Ye NAN SRERUWL 


_ _ ms 
SocN ANN = 


ip 


4 


0 
Q 
0. 
0. 
8 
0 


74 SITES 


20.3 


AVERAGE TOTAL 
PLICATION 


AP 


2.50 


4.00 
1.13 
0.01 
2.40 
4.50 
10.00 
1.00 
8.75 
0.01 
6.00 
2.75 
4.50 
34.00 
5.25 
1.00 





TABLE 3 (cont’d.). Compounds applied to cropland sites by state, 1972—National Soils Monitoring Program 


COMPOUND 


Atrazine 
Captan 
Chloramben 
2,4-D 

EPT( 
Linuron 
Malathion 
Trifluralin 


Alachlor 
Aldrin 
Atrazine 
Butylate 
Bux 
Carboturan 
Chloropropham 
Chi r 
2,4-D 

Diaz 

Dica 
Dyfonate 
Ethoprop 
Heptachlor 
Phorate 
Propachlor 
Trifluralin 


Atrazine 
Carbaryl 
2,4-D 
Linuron 
Malathion 
Methoxychlor 
Trifluralin 


Alachlor 
Aldrin 

A zinphosmethyl 
Chloramben 
2,4-D 
2,4-DB 
DCPA 
DDT 
DSMA 
Dalapon 
DEI 
Dichlorprop 
Diphenamid 
Diuron 
DNBP 
EMTS 
Fenac 
Fluometuron 
Folex 
MSMA 
Norea 


Parathion, methy 


Propanil 
ICA 
Terbacil 
Thiram 
Toxaphene 
Trifluralin 
Vernolate 


Alachlor 
Aldrin 
Atrazine 
Captan 
2,4-D 
Dicamba 
EPTC 


SITES REPORTING 


TRADE APPLICATION 
NAMI 
IF Notep No 


A Atrex 

Amiben 

Eptam 1.4 

Lorox ‘ 10.8 
8.1 


Treflan 3 4.1 


IOWA SITES 


6 
5 
a 
44 
8 


) 
10.7 
12.1 
0.7 
4.0 
0.7 
0.7 
0.7 
5.4 


KENTUC 


4 Atrex 
Sevin 


Treflan 
LOUISIANA 
Lasso l 
l 
Guthion l 


l 
l 


Treflan 


Vernam 
MICHIG 

Lasso 

A Atrex 


Banvel D 
Eptam 


(Continued next page) 


202 


LB 


AVERAGE 


TOTAL 


APPLICATION 


1.83 
0.01 
1.20 
0.50 
10.00 
1.38 
0.01 
1.00 


0.90 
0.98 
0.59 
0.96 
0.51 


ACRE 


KG/H~ 


2.05 
0.01 
1.35 
0.56 


COMPOUND 


Linuron 
Malathion 
Pyrazon 
TCA 
rrifluralin 


Srres REPORTING 
TRADE APPLICATION 
NAME 
1F NOTED No. % 
Lorox 3 
10 
Pyramin 1 
1 
Treflan 1 


MID-ATLANTIiC 


Alachlor 
Atrazine 
Azinphosmethyl 
Captan 
Carbaryl 
Chlordane 
2,.4-D 

Dichlone 
Dieldrin 
Dimethoate 
Dinitrocresol 
Linuron 

Maneb 
Matathion 
Parathion, ethyl 
Prolate 

Sulfur 

Thiram 
Trifluralin 


Alachlor 

Aldicarb 

Ancrack 

Azinophosmethyl 

Captan 

Carbaryl 

Chloroneb 

2,4-DB 

DDT 

DEF 

DSMA 

DNBP 

Disulfoton 

Diuron 

Fluometuron 

Folex 

Linuron 

MSMA 

Methylmercury 
acetate 

Mirex 

Monocrotophos 

Naptalam 

Nitralin 

Norea 

Parathion, methyl 

Sodium chlorate 

Toxaphene 

Trifluralin 


Alachlor 
Atrazine 
Aldrin 
Chioramben 
2,4-D 
Diuron 
Fluometuron 
Linuron 
MSMA 
Norea 
lrifluralin 


Alachlor 
Atrazine 
Bux 
Carbofuran 


l asso 
AAtrex 
Guihion 


Sevin 


Phygon 


Cygon 


Lorox 


eee ee ee ee Oe 


MISSISSIP 
Lasso 
Temik 


Guthion 


Sevin 
Demeosan 
Butyrac 


} me me ot KD ee 


4 


InN eS 


Premerge 
Di-Syston 
Karmex 
Cotoran 


INmw 


Ceresan I 


Azodrin 

Alanap 
Planavin 
Herban 


Treflan 


MISSOURI, 81 SITES 


Lasso 11 13.6 
AAtrex 13 16.( 
3 


sen 


Karmex 
Cotoran 
Lorox 


IW wr w 
Innw 


> 


Herban 
Treflan 11 


Nr 


NEBRASKA, 97 SITES 


Lasso 4.1 
A Atrex 8 18.¢ 


Furadan : 5 


AVERAGE TOTAL 
APPLICATION 


LB/ACRE 


1.67 
0.01 
0.94 
0.25 
1.00 


ES 

2.06 
1.75 
0.90 
0.01 
1.92 
5.00 
0.50 
0.50 
0.26 
0.66 
3.00 
0.38 
1.44 
0.01 
1.30 
2.00 
37.00 
0.01 
1.20 


KG/HA 


1.87 
0.01 
1.05 
0.28 
1.12 


ah eh Apt alt ok = 


1.57 
0.82 
0.78 
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TABLE 3 (cont’d.). Compounds applied to cropland sites by state, 1972—National Soils Monitoring Program 








SITES REPORTING AVERAGE TOTAL Sires REPORTING AVERAGE TOTAL 
TRADE APPLICATION APPLICATION TRADE APPLICATION APPLICATION 
NAME 7 NAME RS —_ 





COMPOUND IF NOTED No. % _B/ ACRE KG/HA COMPOUND IF NOTED No. % LB/ACRE KG/HA 


Chloramben Amiben 
Cyanazine Bladex 
Cycloate Ro-Neet 
2,4-D 

Diazinon 

Dyfonate 

EPTC Eptam 


1 1.0 1.50 1.68 OKLAHOMA, 43 SITES 
1 - = 
1 
8 
1 
1 
1 
Fensulfothion Dasanit | 
. 
> 
5 
3 
1 


1.0 2.80 3.14 — —— 
1.0 0.40 0.45 Alachlor Lasso 
0.61 0.68 Benefin Balan 
1.0 0.98 1.10 Captan 
1.00 1.12 Carbaryl Sevin 
1.75 1.96 2,4-D 
0.90 J EMTS Ceresan M 
0.94 : Ethylmercury 
0.65 ‘ chloride Ceresan Red 
2.13 23 MCPB 
0.88 : Parathion, methyl 
4.00 F PCNB Terrachlor 
Polyram 
: - Thiram Arasan 
— - ew SAND! 1 SES Trifluralin Treflan 
Captan 1 il 
Carbophenothion Trithion 1 1 
Chloropropylate Acarolate | 1 : 
Dodine Cyprex 1 1 .98 Amitrole 
1 1 
1 | 


4.7 2.00 
2.3 1.00 
4.7 0.01 
7.0 2.17 
9.3 0.50 
9.3 0.01 


— es 
coo =) 
wnNneN 


>> 


Linuron Lorox 
Parathion, ethyl 
Propachlor Ramrod 
Phorate Thimet 
Simazine Princep 


2.3 0.01 
4.7 0.50 
18.6 0.50 
14.0 0.02 
2.3 1.00 
11.6 0.01 
a 0.50 


—wWwUNN— 
— = os 


— Ae DON = 


9 OREGON, 


7) 


0.15 
0.09 
0.01 
5.2 

0.72 


~ 


Prolate Bromacil 
Propargite Omite Captan 

Cycloate Ro-Neet 
2,4-D 

Diazinon 

l Diuron Karmex 
3 2 Ethylmercury 

3.6 ty chloride Ceresan Red 
3.6 ; Hexachloro- 
10.7 i benzene HCB 

7.1 wae Malathion 

3.6 . 42 Maneb 

3.6 28 Methylmercury 

7.1 4 J dicyandiamide Pancgen 

3 Parathion, ethyl 

3 : Phenylmercury 
3. 25 4 acetate PMA 
-. 
3 
s 


9 


Nw 
NN ONUNN 


a eee ee oe | 


NEW YORK, 31 SITES 


—_ ee et ee ee 


Alachlor Lasso 2 pS 
Atrazine AAtrex 32 
Benomyl Benlate 
Bux 

Captan 

Carbaryl Sevin 
Carbofuran Furadan 
2,4-D 

Diazinon 

Dinitrocresol 

DNBP Premerge 
EPTC Epiam 
Methoxychlor 

Parathion, ethyl 

Thiram 


an 
> 


Propham IPC 


Pe beeen vVNe Re Nwee 


PENNSYLVANIA, 34 SITES 


- 8.8 
26.5 


a Alachl Las 
NORTH CAROLINA, 31 re he rll 


Butylate Sutan 
Captafol Difolatan 
2,4-D 

Disulfoton Di-Syston 
Linuron Lorox 
Phorate Thimet 


Alachlor Lasso 
Atrazine AAtrex 
Carbaryl Sevin 
2,4-D 

Dichloropropene’ Telone 
Fensulfothion Dasanit 
Lead arsenate 

Linuron Lorox 
Maleic hydrazide 

Maneb 

Naptalam Alanap 
Nitralin Planavin 
Parathion, ethyl 

Paraquat 

Pebulate Tillam 
Phorate Thimet 
Pentachlorophenol PCP 
Toxaphene 

Trifluralin Treflan 


y 


Nn 


=) 


eee een - 


NNNNN 


SOUTH CAROLINA, 16 SITES 


i © 


Benefin Balan l 
Captan l 
Carbaryl Sevin 1 
DDT 2 
Methyl trithion l 
Mirex 1 
Nitralin Planavin l 
l 
1 
1 
3 
1 


Aran 
mmnN 
AS Maw 


a 


Parathion, ethyl 

Parathion, methyl 

Sulfur 

Toxaphene 

OHIO. 67 SITES Trifluralin Treflan 
Vernolate Vernam 


v7 


a 


—— Pe tee RR Re ee hw 


RNmRWNRNNW 


NUNN NYHRNRNRY 
wen A t 


i) 
wn 


Alachlor Lasso 
Aldrin 

Atrazine AAtrex 
Butylate Sutan 
Bux 

Captan 

Carbofuran Furadan 
Chloramben Amiben 
2,4-D 

Dicamba Banve! D 
Linuron Lorox 
Methylmercury 


aL. 


SOUTH DAKOTA, 106 SITES 


NNW 


Alachlor Lasso 
Atrazine AAtrex 
Bux 

Captan 

Carbofuran Furadan 
Chloramben Amiben 
2.4-D 

Dieldrin 

Dimethoate Cygon 


acetate Ceresan I Disulfoton Di-Syston 
Picloram Borotin Malathion 


Propachlor Ramrod MCPA 


-—-uns 


°) 


Pim mt et et 
nN t 


Nw 
eee Se 
—_onvwrnrennt 


wn 


(Continued next page) 
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TABLE 3 (cont’d.). Compounds applied to cropland sites by state, 1972—National Soils Monitoring Program 


TRADE 
NAME 


Sires REPORTING 
APPLICATION 


AVERAGE TOTAL 
APPLICATION 


TRADE 


SITES REPORTING 
APPLICATION 


AVERAGE TOTAL 
APPLICATION 


NAME 
IF NoTED 


COMPOUND 


IF NoTED No 


LB/ACRE KG/HA 


Methoxychlor 
Methylmercury 

dicyandiamide 
Parathion, ethyl 
Propachlor 
Phorate 


Alachlor 
Atrazine 
Dimethoate 
Diuron 
Disulfoton 
Ethylmercury 
chloride 
Folex 
Fluometuron 
Linuron 
MSMA 
Paraquat 
PCNB 
Prometryn 
Trifluralin 


l 0.9 


Panogen 1.9 

0.9 
Ramrod 4.7 
Thimet 0.9 


TENNESSEE, 22 SITES 


I asso 
AAtrex 
Cygon 
Karmex 
Di-Syston 


Ceresan Red 
4.5 
Cotoran 9.1 
Lorox 9.1 
4.5 
45 
Terrachlor 4.5 
45 
Treflan } 18.2 


VIRGINIA, WEST VIRGINIA,! 


Atrazine 
Carbaryl 
Dalapon 


AAtrex 
Sevin 


0.01 0.01 


0.01 0.01 
0.25 0.28 
1.69 1.89 
0.70 0.78 


24 SITES 


60 
17 


COMPOUND 


Bromacil 
Captan 
Cycloate 
2,4-D 
Dicamba 
Dieldrin 
Diuron 
EPTC 
Hexachloro- 
benzene 
Heptachlor 
MCPA 
Mercury 
Oxythioquinox 
Phenylmercury 
acetate 
Phorate 
Propham 
Propargite 
Terbacil 


Alachlor 
Atrazine 
Captafol 
Carbaryl 
Carbofuran 


Hyvar 
Ro-Neet 
Banvel D 


Karmex 
Eptam 


No-Bunt 


Morestan 


PMA 
Thimet 
IPC 
Omite 
Sinbar 


WIS 


Lasso 
AAtrex 
Difolatan 
Sevin 
Furadan 


Zz 


—— 
tw — 
AnreN 


NNYNNN Ne NY 


NNNN 


4 


—wnreo 
NALNS 
Nua N 


NNNNS 
NNNNS 


CONSIN, 66 SITE 


7.6 


4 


% LB/ACcRE 


0.75 
0.03 
0.25 
1.31 
0.25 
0.04 
0.50 
0.25 


0.05 
0.01 
1.25 
0.01 
0.08 


0.03 
0.03 
3.00 
1.50 
1.50 


0.95 
1.33 
0.50 
1.50 
6.00 


KG/Ha 
0.84 
0.03 
0.28 
1.47 
0.28 
0.04 
0.56 
0.28 


0.05 
0.01 
1.40 
0.01 
0.09 


0.03 
0.03 
3.36 
1.68 
1.68 


3 60 ‘ 2 Chlordane 8.00 


1.50 
0.69 
0.01 
2.00 
0.75 
2.00 
1.25 
0.63 
$.32 
; 0.01 


4. 
1. 
Be 
1. 
Se 
1. 


UuUAuUnAun 


Naptalam 
Paraquat 
Phorate 
Simazine 


Alanap Cyanazine 
2,.4-D 
Diazinon 
EPTC 
Fensulfothion 
Heptachlor 
Linuron 

0.06 MCPB 

Phorate 

Thiram 


Bladex 


6. 
Thimet 


pPPaanROS 
NMNNMNN & iv 


Epiam 
Dasanit 


WASHINGTON STATE, 


> 
D 


Lorox 
Aldrin 1 


Benzene 
hexachloride BHC 2 4.4 1.25 1.40 


nN 
tv 


SUA 


Thimet 
Arasan 


RKUNe eee RK he ee RK KAY 


1. 
1. 
1. 
1. 
1. 
3. 
/. 
1. 


ana 


‘Because some small eastern states had very few sites, those with similar geographic location and/or agricultural characteristics were combined to 


obtain more representative data. State groups used were: Mid-Atlantic: Delaware, Maryland, and New Jersey; New England: Connecticut, Maine, 
Massachusetts, New Hampshire, Rhode Island, and Vermont; and Virginia and West Virginia. 
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FIGURE 2. 


tion; and high, states where more than 60 percent of the 
sites reported pesticide application. 





TABLE 4. 





Percent of sites reporting pesticide applications, 1972—National Soils Monitoring Program 


List of crops grown on 1,402 sampling sites, 


1972—National Soils Monitoring Program 


BY CROP 


No. OF 


Table 4 lists crops grown on sample sites in 1972, and 
illustrates the diversity of crops grown in the United 
States. Application data for several major crops are 
presented in Table 5. Pesticide use varied widely among 
these crops. Thirty-nine different compounds were ap- 
plied to field corn sites but only five compounds were 
applied to more than 10 percent of the sites. Cotton- 
growing sites also received applications of 39 com- 
pounds, but only 11 compounds were applied to more 
than 10 percent of the sites. 


Table 6 shows pesticide applications on several crops by 
state. Differences in pesticide use among selected crops 
are apparent. For example, only 10.6 percent of the 
sites growing alfalfa and/or bur clover reported any 
pesticide applications, but 81.5 percent of the cotton 
sites did. 

Acknowledgments 


It is not possible to list all the persons who contributed 
to this study. However, the authors are especially grate- 


VoL. 12, No. 4, MARCH 1979 


Crop 


Field corn 
Soybeans 
Wheat 
Mixed hay 
Alfalfa and/or bur clover 
Pasture 
Cotton 
Grass hay 
Oats 
Sorghum 
Barley 
Oranges 
Dry beans 
Silage (corn or sorghum) 
Peas 
Grapes 

Rye 
Tobacco 
Sugar beets 
Rice 

Milo 

String beans 
Pecans 

Flax 
Sugarcane 
Asparagus 


SITES 


nn 
oa 


>> 
ae Ss) 


- 
|wWwwWwwhhRUNARIBOSONA 


Crop 


Potatoes 
Blueberries 
Apples 
Peaches 

Turf 

Almonds 
Chick peas 
Range 

Sweet corn 
Apricots 
Plums 
Lespedeza sericea 
Sweet clover 
Mint 

Hops 

Sweet sorghum 
Celery 

Green peppers 
Lettuce 
Pumpkins 
Tomatoes 
Millet 
Sunfiowers 
Other 

Fallow sites 


ee ee NNNNNNNN W 


COR eee eee ee 











TABLE 5. Compounds applied to cropland sites, by most common crop, 1972—National Soils Monitoring Program 


COMPOUND 


Sites REPOR 
APPLICATIC 


No 


TING 
IN 


t 


ALFALFA and BUR ¢ 


Carbaryl 
Carbofuran 


Malathion 
Methoxychlor 
Parathion, ethyl 
Picloram 
Prolate 


Aldicarb 
Azinphosmethyl 
Captan 
Carbaryl 
Chloroneb 
DDT 
DEF 
Dibromochloro 
propane 
Dicrotophos 
Dime .hoate 
Disulfoton 
Diuron 
DNBP 
DSMA 
EMTS 
EPN 
Ethylmercury 
chloride 
Fenaminosulf 
Fluometuron 
Folex 
Linuron 
MCPB 
Mercury 
Methylmercury 
acetaic 
Monocrotophos 
MSMA 
Naled 
Nitralin 
Norea 
Paraquat 
Parathion, methyl 
PCNB 
Phorate 
Prometryn 
Propargite 
Sodium chlorate 
Thiram 
Toxaphene 
Trifluralin 


Alachlor 
Aldrin 
Atrazine 
Butylate 
Bux 
Captan 
Carbaryl 
Carbofuran 
Chloramben 
Chlordane 
Cyanazin«e 
2,4-D 
Dalapon 
Diazinon 
Dicamba 
Dicofol 
Dieldrin 
Disulfoton 
Dyfonate 
EPTC 
Ethoprop 
Fensulfothion 
Heptachlor 
Lindane 


206 


3 
1 
l 
l 
1 
1 
J 
l 


COTTO 


sa—- N= a 


aS 


— Ww 


nN 


IN wWUN = 


2 


t 


to 


nN 


ae NK he eK he NN 


FIELD CO 


3€ 


) 


SUM eK we aN PK NY 


—BhNRe NN ee 


l 
] 
1 
] 
1 
1 
l 
1 


N, 


38 

556 

RN, 
9.9 
8.5 

51.8 
4.7 
6 


LOVER, 


AVERAGE 


TOTAL 


APPLICATION 


LB/ACRE 
104 SITES 
2.33 
0.25 
2.00 
00 
00 


KG 


2.61 
0.28 


794 


3.36 
1.12 
2.24 
0.43 
0.84 
0.84 


0.45 
0.56 
0.02 
1.12 
0.03 
8.34 
1.11 


0.56 
0.09 
2.24 
0.12 
0.90 


Ha 


COMPOUND 


Linuron 
Malathion 
Methoxychlor 
Methylmercury 
acetate 

Mirex 
Naptalam 
Paraquat 
Pentachlorophenol 
Phorate 
Propachlor 
Simazine 
TCBC 

Thiram 
Toxaphene 
Trietazine 


Carbofuran 
Chlordane 
2.4-D 
EPTC 
Malathion 
Propham 


Alachlor 
Ancrack 
Butyrac 
Captan 
Carbaryl 
Chloramben 
Chloropropham 
Chloroxuron 
2,4-D 
2,4-DB 

DDT 
Dimethoate 
Dinitrocresol 
DNBP 
Fluometuron 
Linuron 
Methyl trithion 
Metribuzin 
Mirex 
MSMA 
Naptalam 
Nitralin 
Paraquat 
Patathion, methyl 
Phorate 
Propachlor 
Simazine 
Thiram 
Toxaphene 
Trifluralin 
Vernolate 


Aldrin 


Benzene hexachloride 2 s 25 


Bromacil 
Captan 
2.4-D 
Dicamba 
Diuron 
EMTS 
E.hylmercury 
chloride 
Heptachlor 


Hexachlorobenzene 


Malathion 
Mercury 
Methylmercury 


- dicyandiamide 


Parathion, methyl 

PCNB 

Phenylmercury 
acetate 

Thiram 

Trifluralin 


Sires REPORTING 
APPLICATION 


No. c LB/ACRE 


3 5 0.95 
75 20. 0.01 
8 i 0.01 


0.01 
0.01 
0.83 
0.50 
0.05 
1.67 
1.83 
2.80 
8.00 
0.01 
0.40 
0.25 


105 SITES 
1.00 


se ab 
He he NACK He EN ee 


MIXED HAY, 


1 
1 
2 
1 
1 1.0 
I 1.0 


SOYBEANS, 266 SITES 


16.5 
1.5 
0.4 


0 fe We G0 & A 


=—-Noc=—-a 


WHEAT, I11 


& 
03 

84 
25 

50 
01 


01 
0.01 
0.05 
0.01 
0.01 


0.01 
0.50 
0.02 


0.03 
0.01 


0.50 


AVERAGE TOTAL 
APPLICATION 


KG/HA 
1.06 


0.01 
0.01 


0.01 
0.01 
0.93 
0.56 
0.06 
1.88 
2.05 
3.14 
8.97 
0.01 
0.45 
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TABLE 6. Pesticide applications on selected crops, by state, 1972—National Soils Monitoring Program 


ALFALFA/BUR CLOVER 


PESTICIDES No PESTICIDES 
STATE No. OF SITES APPLIED APPLIED 


Alabama 0 

Arkansas 0 

California 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

lowa 

Kentucky 

Louisiana 

Michigan 

Mid-Atlantic! 

Mississippi 

Missouri 

Nebraska 

New England! 

New York 

N. Carolina 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

S. Carolina 

S. Dakota 

Tennessee 

Virginia/W. Virginia? 

Washington state 

Wisconsin 

Total 90 
% ) 86.5 


FIELD CORN 


Alabama 7 6 
Arkansas 
California 
Florida 

Georgia 

Idaho 

Illinois 

Indiana 

lowa 

Kentucky 
Louisiana 
Michigan 
Mid-Atlantic! 
Mississippi 
Missouri 
Nebraska 

New England 
New York 

N. Carolina 
Ohio 

Oklahoma 
Oregon 
Pennsylvania 

S. Carolina 

S. Dakota 
Tennessee 
Virginia/W. Virginia 
Washington state 
Wisconsin 

Total 


WHEA 


Alabama 

Arkansas 

California 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

lowa 0 


Kentucky 0 
(Continued next page) 
VoL. 12, No. 4, MARCH 1979 


COTTON 


PESTICIDES No PESTICIDES PESTICIDE 
No. oF SITES APPLIED APPLIED Use UNKNOWN 


1 


SOYBEANS 


MIXED H 





TABLE 6 (cont’d.). Pesticide applications on selected crops, by state, 1972—National Soils Monitoring Program 





WHEAT MIXED HAY 





PESTICIDES No PESTICIDES PESTICIDE PESTICIDES No PESTICIDES PESTICIDE 
STATE No. oF SITES APPLIED APPLIED Use UNKNOWN No. OF SITES APPLIED APPLIED Use UNKNOWN 





Louisiana 0 0 
Michigan 0 8 
Mid-Atlantic? 0 — 0 
Mississippi 0 0 
Missouri 5 , 11 
Nebraska 14 0 
New England! 0 — 2 
New York 0 12 
N. Carolina 0 0 
Ohio 7 12 
Oklahoma 25 0 
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Pesticide Residue Levels in Soils and Crops from 37 States, 1972— 
National Soils Monitoring Program (IV ) 


Ann E. Carey,’ Jeanne A. Gowen,’ Han Tai,* William G. Mitchell,® and G. Bruce Wiersma * 


ABSTRACT 

Residue data from the 1972 (FY-73) National Soils Moni- 
toring Program are summarized. Composite samples of 
agricultural soil and mature crops were collected from 1,483 
of the 1,533 selected 4-hectare sites in 37 states. Analyses 
were performed for organochlorine and organophosphorus 
compounds, trifluralin, and polychlorinated biphenyls (PCBs); 
analysis for atrazine was performed only when pesticide 
application data indicated current-year use. Organochlorine 
pesticides were detected in 45 percent of the soil samples. 
The most frequently detected compound was dieldrin, found 
in 27 percent of all soil samples. Other compounds de- 
tected, in order of frequency, included DDT, aldrin, chlor- 
dane, and heptachlor epoxide, found, respectively, in 21, 9, 
8, and 7 percent of all soil samples. Crop samples were col- 
lected from 727 sites. All were analyzed for organochlo- 
rines; analyses were performed for organophosphates and 
atrazine only when pesticide application data indicated 
current-year use. For all crops, 40 percent of the samples 
contained detectable levels of organochlorines and 10 per- 
cent contained detectable levels of organophosphates. Atra- 
zine was not detected. 


Introduction 

The National Pesticide Monitoring Program (NPMP) 
was initiated at the recommendation of the President’s 
Science Advisory Committee in 1963 to “develop a con- 
tinuing network to monitor residue levels in air, water, 
soil, man, wildlife and fish” (8). The primary objective 
of the NPMP is to determine levels and trends of pesti- 
cides and their degradation products in various com- 
ponents of the environment (5). The National Soils 
Monitoring Program (NSMP) was established in 1968 
as an integral part of NPMP to monitor residues in 
agricultural soils and raw agricultural crops. 
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The present report summarizes soil and crop pesticide 
concentration data collected from 1,483 sampling sites 
in 37 states during 1972 (FY-—73). Data were not col- 
lected from all conterminous states because of budgetary 
limitations. The states omitted from the survey were 
generally large, western states either having little wide- 
spread agriculture or growing primarily wheat and other 
small grains, which require fewer pesticides than do 
other nongrain crops. 


Sampling Procedures 

A total of 1,533 sites in 37 states were scheduled for 
sampling during late summer and fall of 1972 (Fig. 1). 
Site selection criteria, statistical design, and sampling 
techniques involved in the present study have been 
described (3, 8). At each 4-hectare (10-acre) site, a 
composite soil sample and a composite mature crop 
sample, if available, were collected according to estab- 
lished procedures (6). In addition, information on 
cropping practices and a history of pesticide applications 
for the current cropping season were obtained in a 
personal interview with the landowner or operator. 
These data have been summarized and published sepa- 
rately (/). 


Analytical Procedures 


ORGANOCHLORINES AND ORGANOPHOSPHATES 

Sample Preparation, Soil—A 100-g subsample was taken 
from a thoroughly mixed field sample. The subsample 
was moistened with 25 ml distilled water and extracted 
with 200 ml 3:1 hexane:isopropanol solvent by shaking 
for 4 hours on a reciprocating shaker. The isopropanol 
was removed by three distilled water washes and the 
hexane extract was dried through anhydrous sodium 
sulfate. The sample extract was then stored at low 
temperature for subsequent gas-liquid chromatographic 
(GLC) analysis. 


Crops—For samples containing less than 2 percent fat 
(e.g., alfalfa, bur clover, corn stalks, cotton stalks, green 
bolls, miscellaneous hay), a 100-g sample of the crop 
was dry blended for 3 minutes and then blended for 5 
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FIGURE 1. 


States where agricultural soils and crops were sampled, 1972 (FY 1973) 


—wNational Soils Monitoring Program 


minutes in 800 ml acetonitrile. An aliquot of the sample 
extract, representing 10 g of the original sample, was 
decanted into a 500-ml Erlenmeyer flask. The extract 
was concentrated under a three-ball Snyder column to 
approximately 10 ml, 100 ml hexane was added, and the 
hexane—acetonitrile azeotrope was again concentrated to 
10 ml. The process was carried out three times to re- 
move essentially all acetonitrile. The hexane extract 
was dried through anhydrous sodium sulfate, the volume 
was adjusted to 50 ml, and the extract was stored at low 
temperature. 


For crop samples containing more than 2 percent fat 
(e.g., corn kernels, cottonseed, soybeans), a 100-g sam- 
ple was prewashed with 100 ml isopropanol and then 
with 100 ml hexane. Both prewashes were discarded. 
The sample was extracted as described in the preceding 
paragraph. A separate aliquot of the extract, not sub- 
jected to Florisil cleanup, was reserved for flame photo- 
metric analysis for organophosphates. 


Florisil Cleanup—An extract equivalent to 5 g original 
crop sample was fractionated through a 15-g Florisil 
column into two fractions by use of 100 ml 10 percent 
methylene chloride in hexane and 100 ml methylene 
chloride for fractions | and 2, respectively. 


Methylene chloride was removed by concentrating each 
extract to low volume under a three-ball Snyder column, 
adding 100 ml hexane, and concentrating again to low 
volume. After two additions of hexane, the methylene 
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chloride was essentially removed. Each extract volume 
was adjusted to 2.5 ml for separate injection on the 
gas-liquid chromatograph. 


GLC—Analyses were performed on gas chromatographs 
equipped with tritium foil electron-affinity detectors for 
organohalogens and thermionic or flame photometric 
detectors for organophosphates. A multiple-column sys- 
tem of polar and nonpolar columns was used to identify 
compounds. Instrument parameters and operating con- 
ditions follow: 


Gas chromatographs: Hewlett-Packard Model 402A 

Hewlett-Packard Model 402B 

Tracor Model MT-220 

glass, 6 mm OD xX 4 mm ID, 183 cm long, 
packed with one of the following: 5 percent 
OV-210 on 80-100-mesh Chromosorb W-HP; 
3 percent DC-200 on 100-120-mesh Gas-Chrom 
Q; a mixture of 1.5 percent OV-17 and 1.95 per- 
cent QF-1 on 100-120-mesh Supelcoport 
thermionic detector housing 250 

detector (EC and FPD) 200 

injection port 250 

column OV-210 166 

column DC-200 170-175 

mixed column 185-190 


Columns: 


Temperatures, °C: 


Carrier gases 5 percent methane-argon flowing at 80 ml/min- 


ute; prepurified nitrogen flowing at 80 ml/minute 


Sensitivity or minimum detection levels for organo- 
chlorines and trifluralin were 0.002—0.03 ppm except for 
combinations of polychlorinated biphenyls (PCBs), 
chlordane, toxaphene, and other chemicals which had 
minimum detectable levels of 0.05—0.1 ppm. Minimum 
detectable levels for organophosphates were approxi- 
mately 0.01-0.03 ppm. Compounds detectable by this 
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methodology are listed in Table 1. When necessary, 
residues were confirmed on a Dohrmann microcoulo- 
metric detector or a Coulson electrolytic conductivity 
detector. Because trifluralin is detected by the organo- 
chlorine methodology, it appears with the organochlo- 
rine analyses in the tables. 


TABLE 1. Compounds detectable by chemical 
methodology of the present study 


ORGANOCHLORINES 


Endrin ketone 
Heptachlor 
Heptachlor epoxide 
Hexachlorobenzene 
Isodrin 

Lindane (.-BHC) 
DCPA Methoxychlor 
Dicofol Ovex 

Endosulfan I PCBs 

Endosulfan II PCNs 

Endosulfan sulfate Propachlor 

Endrin Toxaphene 


Alachlor 

Aldrin 

Benzene hexachloride 
Chlordane 

= DDT 

Dieldrin 


ORGANOPHOSPHATES 


DEF Parathion, ethyl 
Diazinon Parathion, methyl 
Ethion Ronnel 

Malathion Trithion 

Phorate 


OTHER HALOGENATED HYDROCARBONS 


Trifluralin? 


1Although trifluralin is a dinitroaniline compound, it is detected by 
the organochlorine methodology and thus appears with organochlorines 
in Tables 2-7. 


Recovery Studies—Pesticide recovery values from soil 
were 80-110 percent, but usually were close to 100 
percent. Values from crops ranged from 70 to 100 per- 
cent, depending on the amount of pesticide present, the 
individual pesticide, and the type of crop involved. 
Residue concentrations detected in both soil and crop 
samples were corrected for recovery. Soil samples were 
also converted to a dry-weight basis. 


ATRAZINE 

To analyze soil samples for atrazine, a 50-g subsample 
was taken from a thoroughly mixed field sample. The 
subsample was placed in the Soxhlet thimble and moist- 
ened with 40 ml 1:1 distilled water:methanol. After 
addition of 250 ml nanograde methanol, the sample was 
extracted for 4 hours. The extract in the Soxhlet flask 
was evaporated to about 50 ml on a hot plate and by 
use of a three-ball Snyder column. The sample extract 
was then decanted into a 1-liter separatory funnel. The 
extract was partitioned three times with 150 ml Freon 
113 each time. The Freon 113 fractions were combined 
and concentrated to incipient dryness on a rotary 
evaporator. The extract was dissolved in isooctane 
and adjusted to 5 ml for injection into a gas-liquid 
chromatograph. 


VoL. 12, No. 4, MARCH 1979 


GLC—A Coulson electrolytic conductivity cell detector 
in the nitrogen mode was used for detection and quanti- 
fication of the atrazine. Positive samples were con- 
firmed by alkali flame detection. Recovery rate was 
90-110 percent; minimum detection level was 0.01 ppm. 


Results and Discussion 

Tables 2-5 show concentrations of pesticides in soil 
samples, and Tables 6-8 show concentrations of pesti- 
cides in mature agricultural crops. Soil concentration 
data are also summarized by all sites and by state or 
state groups. Most tables list the number of analyses, 
the number of times a compound was detected, percent 
occurrence of the compound, the arithmetic mean, the 
estimated geometric mean, and the minimum and 
maximum positive concentrations detected. 


The estimated geometric mean is routinely presented in 
the tables as an alternative to the arithmetic mean as a 
measure of central tendency for the data evaluation. 
Pesticide residue data frequently contain a large number 
of zero values, resulting either from the absence of 
pesticides or their presence at levels below the analytical 
sensitivity. Such data are seldom distributed normally, 
as shown by tests for skewness and kurtosis, but often 
tend to approximate a log-normal distribution. After 
repeated tests for significant skewness and/or kurtosis, 
the log (X + 0.01) transformation was used to deter- 
mine the logarithmic means. The antilogs of these fig- 
ures, minus 0.01, were taken to obtain the estimates of 
the geometric mean in the untransformed dimension. 
The estimated geometric mean was calculated only for 
those compounds with more than one positive detection. 


COMPOUND CONCENTRATIONS IN CROPLAND SOIL 

All Sites—Soil samples were received from 1,483 of the 
scheduled 1,533 sites in 37 states. Results of analyses 
for organochlorine and organophosphorus pesticides 
and atrazine are presented in Table 2. The most fre- 
quently detected chemical was dieldrin, found in 27 per- 
cent of all samples analyzed. Other compounds, in 
order of frequency, included =DDT, aldrin, chlordane, 
and heptachlor epoxide found, respectively, in 21, 9, 8, 
and 7 percent of all samples analyzed. 


Table 3 lists the occurrence of pesticide residues in the 
agricultural soil samples collected during 1972. The 
frequency of detection varied widely among the states 
surveyed. The detection frequencies of atrazine appear 
to be much higher for individual states than in other 
analyses because atrazine analyses were performed only 
when site application records indicated its use during the 
current growing season. 


Table 4 presents the percent incidence of residues of 
selected pesticides at specific levels. For most of the 


compounds listed, the highest percentage of positive 
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TABLE 2. 


COMPOUND 


Aldrin 

Benzene hexachloride 
Chlordane 

DCPA 

o,p’-DDE 
p,p’-DDE 
o,p'-DDT 
p,p’-DDT 
0,p’-TDE 

p.p’-TDE 

=DDT 

Dicofol 

Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 

Endrin ketone 
Heptachlor 
Heptachlor epoxide 
Hexachlorobenzene 
PCB 

PCNB 

Propachlor 

Ronnel 

Toxaphene 
Trifluralin 2 


DEF 

Diazinon 
Malathion 
Parathion, ethyl 
Parathion, methyl 
Phorate 


Atrazine 


Compound concentrations in cropland soil for all sample sites in 37 states, 1972 (FY 1973) 
—wNational Soils Monitoring Program 


POSITIVE DETECTIONS 


% 


8.7 
0.1 
7.9 
0.1 
0.7 
20.2 
10.9 
18.5 
0.1 
3.1 
21.2 
0.5 
27.2 
0.1 
0.1 
0.1 
0.7 
0.1 


88.7 


ARITHMETIC 
MEAN 


ORGANOCHLORINES (1,483 samples) 


0.03 
<0.01 
0.05 
<0.01 
<0.01 
0.05 
0.03 
0.13 
<0.01 
0.01 
0.22 
<0.01 
0.04 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.24 
0.01 


<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 


TRIAZINE (151 samples) 


‘Not calculated when fewer than two positive detections present. 


See footnote, Table 1. 


ESTIMATED 
GEOMETRIC 
MEAN? 


0.002 
0.003 
<0.001 
0.006 
0.003 
0.007 
0.001 
0.010 
<0.001 
0.008 
<0.001 
<0.001 
0.001 
0.001 
<0.001 
<0.001 
<0.001 
0.003 
0.001 


ORGANOPHOSPHATES (1,246 samples) 


<0.001 
<0.001 
<0.001 
<0.001 


<0.001 


0.051 


RESIDUES, PPM DRY WEIGHT 


EXTREMES OF 
DETECTED VALUES 


PESTICIDES MONITORING JOURNAL 





Occurrence of pesticide residues in cropland soils from 37 states, 1972—National Soils Monitoring Program 


ORGANOCHLORINES ! ORGANOPHOSPHATES 


ATRAZINE * 


POSITIVE DETECTIONS POSITIVE DETECTIONS 
No. OF : No. OF - 


No. OF 
STATE ANALYSES No. % ANALYSES No. % ANALYSES No. 


POSITIVE DETEC 


Alabama 22 82 
Arkansas : : 86 
California 5 70 
Florida 2 71 
Georgia 2 76 
Idaho 52 
Illinois 72 
Indiana 2 35 
Iowa 67 
Kentucky 36 
Louisiana 2 78 
Michigan 53 17 
Mid-Atlantic* 50 
Mississippi 25 83 
Missouri : 40 
Nebraska ; 39 86 
New England 35 20 
New York : 36 35 
N. Carolina : 61 28 
Ohio 30 53 
Oklahoma 11 64 
Oregon i 30 33 
Pennsylvania d 30 37 
S. Carolina : 88 17 
S. Dakota 2 11 90 
Tennessee - - 60 21 
Virginia/W. Virginia*25 24 25 
Washington state ; 20 43 
Wisconsin 12 57 


Nonrocanor 


wo 


coowoso 


94 


1 Although trifluralin is a dinitroaniline compound, it is detected by the organochlorine methodology and thus 
Tables 2-7. 

“Samples analyzed only when application records indicated atrazine use during the current growing season. 

Because some small eastern states had very few sites, those with similar geographic location and/or agricultural characteristics were combined to 
obtain more representative data. State groups used were Mid-Atlantic: Delaware, Maryland and New Jersey; New England: Connecticut, Maine, 
Massachusetts, New Hampshire, Rhode Island, and Vermont; and Virginia and West Virginia. 


appears with organochlorines in 


TABLE 4. Percent incidence of selected pesticides in cropland soil from all sampling sites in 37 states, 1972 
—National Soils Monitoring Program 


CONCENTRATION, HEPTACHLOR 


PPM DRY WT xDDT ALDRIN DIELDRIN CHLORDANE HEPTACHLOR EPOXIDE TOXAPHENE 


TRIFLURALIN 


Not detected 78.8 91.3 72.8 92.1 96.2 93.5 94.9 94.5 
0.01- 0.25 11.7 7.3 23.6 3 3.6 6.4 0.1 5.0 
0.26— 1.00 5.3 1.0 3.2 3. 0.2 0.1 1.1 0.4 
1.01- 5.00 3.1 0.3 0.3 i — == 2.6 0.1 
0. _ — 0.9 oo 
- — — — 0.4 — 
100.0 100.0 100.0 


5.01-10.00 0.7 —- 0.1 
>10.00 0.4 0.1 _ 


TOTAL 100.0 100.0 100.0 100.0 100.0 
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TABLE 5. Compound concentrations in cropland soils, by state, 1972—National Soils Monitoring Program 


RESIDUES, PPM DRY WEIGHT 


EXTREMES OF 
PosiTIVE DETECTIONS ARITHMETIC ESTIMATED DETECTED VALUES 
MEAN GEOMETRIC . 
COMPOUND No t CONCENTRATION MEAN! i. Max. 


ALABAMA 


Organochlorines,? 22 samples 
Chlordane 1 0.01 _— 
p.p’-DDE 14 0.08 0 028 
o,p'-DDT s 3 0.03 0.009 
p.p’-DDT 5 0.16 0.042 
SDDT 5 0.27 0.062 
Dieldrin 2 <0.01 0.001 
Endrin l <0.01 —_ 

Ronnel 1 F <0.01 =: 

Toxaphene 7 0.67 0.038 

Trifluralin 4 0.02 0.006 

rganophosphates, 22 samples 

Phorate 1 <0.01 


ARKANSAS 


ganochlorines,? 43 samples 
Chlordane 4.6 < 0.001 
o,p’-DDE 2.3 — 
p’-DDE ~ 58.1 0.036 
p’-DDT $1.2 0.027 
p’-DDT 62.8 0.083 
p’-TDE 11.6 0.002 
=DDT 27 62.8 0.114 
Dieldrin 23.3 0.005 
Endrin 4.6 0.001 
Toxaphene 1] 25.6 : 0.033 
Trifluralin 17 39.5 0.015 


Organophosphates, 43 samples: no residues detected 


CALIFORNIA 


Organochlorines,? 64 samples 
Chlordane 2 
o,p’-DDE 
p.p’-DDE 
o,p’-DDI 
p.p’-DDT 
p.p’-TDE 
SDDT 
Dicofol 
Dieldrin 
Hexachlorobenzene 
PCBs 
Toxaphere 
Trifluralin 

Organophosphates, 53 samp 
DEF 
Malathion 
Parathion, ethyl 


0.02 0.001 
<0.01 0.001 
0.16 0.042 
0.06 0.011 
0.26 0.033 
0.01 0.002 
0.49 0.074 
0.05 0.003 
0.01 0.002 
0.01 -- 
0.02 —_ 
0.25 0.010 
<0.01 _- 


wr 
sSNwhwre 


> 
WN 


Ss 
<0.01 — 
<0.01 -- 
0.01 0.002 


hee = Om =~) b ' 


FLORIDA 


Organochlorines, 17 samples 
Aldrin ‘ 
Chlordane 23.8 0.007 
p.p’-DDE 58.8 0.017 
o,p'-DDT 3 0.004 
p.p’-DDT 58.8 0.022 
p.p’-TDE 
=DDT 0.035 
Dicofol 0.006 
Dieldrin 0.009 
Heptachlor epoxide 3: — 
Toxaphene 0.019 

Organophosphates, i? samples: no residues detected 

Triazines, 1 sample: no residues detected 


GEORGIA 


Organochlorines,? 29 samples 

Benzene hexachloride 1 —_— 0.02 
Chlordane 1 —- 0.01 
o,p’-DDE 1 ' _— 0.01 
p.p’-DDE 20 0.031 0.01 


(Continued next page) 
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TABLE 5 (Cont’d.). 


COMPOUND 


o,p'-DDT 
p.p’-DDT 
p.p’-TDE 
=SDDT 
Dieldrin 
Endrin 
Toxaphene 
Trifluralin 


POSITIVE 


Organophosphates, 28 samples 
Pp Pp 


Phorate 


Organochlorines, 29 samples 


Chlordane 
p.p’-DDE 
o,p'-DDT 

p.p’-DDT 

p,p’-TDE 

> DDT 

Dieldrin 
Heptachlor epoxide 
Hexachlorobenzene 


DETECTIONS 


3.4 
37.9 
13.8 
34.5 
6.9 
41.4 
37.9 
3.4 
3.4 


Organophosphates, 25 samples: no residues detected 


Organochlorines,? 139 samples 


Aldrin 
Chlordane 
o,p’-DDE 
p.p’-DDE 
p.p’-DDT 
SDDI 
Dieldrin 
Endrin ketone 
Heptachlor 
Heptachlor epoxide 
Trifluralin 


51 
38 

1 
10 
10 
i2 
93 

1 
31 
37 

9 


Organophosphates, 87 samples 
> 


Diazinon 
Phorate 

Triazines, 18 samples 
Atrazine 


1 


17 


Organochlorines,? 78 samples 


Aldrin 

Chlordane 
p,p’-DDE 

p.p’-TDI 

> DDT 

Dieldrin 
Heptachlor 
Heptachlor epoxide 
Trifluralin 


13 
5 
1 


> 


.7 


4 
4 
4 


NCANRIWA 


w 


a 
Jol 
1 


Organophosphates, 59 samples: no residues detected 


Triazines, 4 sampies 
Atrazine 


4 


Organochlorines,? 150 samples 


Aldrin 
Chlordane 
p.p’-DDE 
o,p'-DDT 
p.p’-DDT 
p.p’-TDE 
=DDT 
Dieldrin 
Heptachlor 
Heptachlor epoxide 
PCBs 
Propachlor 
Trifluralin 


17 
85 
13 
27 


1 


100.0 


(Continued next page) 
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ARITHMETIC 
MEAN 
CONCENTRATION 


0.08 
0.33 


IDAHO 


0.08 


IOW / 


RESIDUES, PPM DRY WEIGHT 


ESTIMATED 
GEOMETRIC 
MEAN! 


0.008 
0.043 
0.002 
0.072 
0.001 


0.036 
0.001 


0.002 


0.008 
0.003 
0.009 
0.001 
0.015 
0.006 


0.009 
0.020 


0.001 
0.001 
0.002 
0.051 


0.004 
0.007 
0.001 


0.001 


0.074 


0.004 
0.003 


0.001 
0.001 
0.010 
0.001 
0.001 
0.002 


0.075 


0.004 
0.009 
0.002 
0.001 
0.003 
0.001 
0.003 
0.029 
0.001 
0.003 


0.004 


EXTREMES OF 
DETECTED VALUES 


Compound concentrations in cropland soils, by state, 1972—National Soils Monitoring Program 


Max. 


1.71 
6.11 
0.15 
9.12 
0.02 


46.58 


0.09 


0.04 


12.69 
3.97 


0.06 
0.11 
0.16 
6.18 


0.60 
0.26 
0.27 


0.17 


3.95 


0.06 
0.11 
1.11 
0.21 
0.12 
0.60 


0.11 





TABLE 5 (Cont’d.). Compound concentrations in cropland soils, by state, 1972—National Soils Monitoring Program 


RESIDUES, PPM DRY WEIGHT 


EXTREMES OF 
PosITIVE DETECTIONS ARITHMETIC ESTIMATED DETECTED VALUES 
MEAN GEOMETRIC es . : 
COMPOUND No % CONCENTRATION MEAN! MIN. Max. 


Organophosphates, 113 samples 

Diazinon 1 <0.01 0.07 
Triazines, 34 samples 

Atrazine 32 ‘ 0.21 0.01 


KENTUCKY 


Organochlorines, 28 samples 
Chlordane 2 7.1 0.01 0.002 
p.p’-DDEI 10.7 <0.01 0.001 
p.p’-DDT 10.7 <0.01 0.002 
p.p’-TDE 7.1 <0.01 0.001 
SDDT 14.3 0.01 0.002 
Dieldrin 25.0 0.01 0.004 
Heptachlor epoxide 7.1 <0.01 0.001 

Organophosphates, 15 samples: no residues detected 

Triazines, 3 samples 
Atrazine 2 66.7 0.01 0.010 


SN wwr 


aN 


LOUISIANA 
Organochlorines,? 27 samples 
Aldrin 2 d <0.01 0.001 
p.p’-DDE 14 0.43 0.046 
o,p'-DDT 10 0.41 0.030 
p.p’-DDT 14 : 1.26 0.072 
=DDT 14 2.09 0.100 
Dieldrin 11 0.03 0.012 
Endrin | : 0.02 — 
Toxaphene s 3.51 0.065 
Trifluralin 2 3 0.01 0.002 
Organophosphates, 26 samples 
DEF 1 . <0.01 — 
Phorate 2 is <0.01 0.001 


MICHIGAN 


Organochlorines,? 53 samples 
Aldrin 2 
Chlordane 
DCPA 
p.p’-DDEI 
o,p'-DDT 
p.p’-DDT 
p.p’-TDE 
> DDT 
Dieldrin 4 

| 
1 


0.25 0.002 
0.02 a 
<0.01 _ 
0.24 0.005 
0.13 0.004 
0.67 0.006 
<0.01 ~- 
1.04 0.007 
0.06 0.003 
<0.01 _ 
0.01 _ 


aS ew 
a>Aw CO Oe 


i 
DA wo 


Hexachlorobenzene 
Trifluralin 
Organophosphates, 44 samples: no residues detected 
Triazines, 14 samples 
Atrazine 14 100.0 0.09 


cv 


MID-ATLANTIC? 


Organochlorines, 14 samples 
Chlordane 
o,p’-DDE 
p.p’-DDE 
o,p'-DDT 
p.p’-DDT 
p.p’-TDE 
=DDT 
Dicldrin 
Endrin 


14.3 0.007 
7.1 —- 
28.6 0.013 
21.4 0.006 
28.6 ‘ 0.014 


7.1 


28.6 0.020 
28.6 0.008 
7.1 — 
Heptachlor 7.1 _ 
Heptachlor epoxide 7.1 _— 
Organophosphates, 14 samples: no residues detected 

Triazines, 1 sample: no residues detected 


ee Ree RW he 


MISSISSIPPI 
Organochlorines,? 30 samples 
p.p’-DDE 24 0.23 0.087 
o,p'-DDT 18 0.057 
p,p’-DDT 24 2 0.239 
__P.p’-TDE : 3 0.003 
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TABLE 5 (Cont’d.). 


Compound concentrations in cropland soils, by state, 1972—National Soils Monitoring Program 





PosITIVE DETECTIONS 





COMPOUND No. 


% 


RESIDUES, PPM DRY WEIGHT 








=DDT 24 
Dieldrin 3 
Toxaphene 16 
Trifluralin 1 
Organophosphates, 25 samples 
DEF 2 
Phorate 1 


80.0 
10.0 
53.3 

3.3 


8.0 
4.0 








EXTREMES OF 


ARITHMETIC ESTIMATED DETECTED VALUES 


MEAN 





GEOMETRIC 
CONCENTRATION 
1.66 
<0.01 
2.21 


<0.01 


0.337 
0.001 
0.185 


0.03 
<0.01 


Max. 


0.05 





MISSOURI 








Organochlorines,? 82 samples 
Aldrin 14 
Chlordane 
p.p’-DDE 
o,p'-DDT 
p.p’-DDT 
=DDTI 
Dieldrin 
Heptachlor 
Heptachlor epoxide 
Toxaphene 
Trifluralin 

Organophosphates, 66 samples: 

Triazines, 13 samples 
Atrazine 


nN 


ANWNAADAWA Ww 


13 


_ 


w 
SNWNRe SSW ws ws 
PI PIWwIwWse 


Ww 


no residues detected 


100.0 





Organochlorines,? 101 samples 

Aldrin 

Chlordane 

p.p’-DDE 

o,p'-DDT 

p.p’-DDT 

=DDT 

Dieldrin 

Endrin 

Heptachlor epoxide 
Organophosphates, 86 samples: 
Triazines, 19 samples 

Atrazine 


Organochlorines, 20 samples 
Chlordane 
p.p’-DDE 
o,p'-DDT 
p.p’-DDT 
p,p’-TDE 
DDT 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Heptachlor epoxide 

Organophosphates, 20 samples: 


Nee Be NAYUWAN 


Organochlorines, 36 samples 
Chlordane 
o,p’-DDE 
p.p’-DDE 
o,p'-DDT 
p.p’-DDT 
o,p’-TDE 
p,p’-TDE 
= DDT 
Dieldrin 
Endrin 
Heptachlor 

Organophosphates, 35 samples: 

Triazines, 6 samples 
Atrazine 6 


mR AON CONDON 


2.0 

7.9 

6.9 

1.0 

5.9 

6.9 

33.7 

1.0 

5.0 

no residues detected 


10.0 
30.0 
15.0 
25.0 
15.0 
30.0 
10.0 
5.0 
5.0 
5.0 
10.0 
no residues detected 


no residues detected 
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0.05 
0.01 
<0.01 
<0.01 
0.01 
0.02 
0.05 
<0.01 
<0.01 
0.04 
0.02 


0.001 
0.001 
0.001 
0.002 
0.002 
0.012 
0.001 
0.001 
0.001 
0.003 


0.07 0.055 


NEBRASKA 


<0.01 
0.01 
<0.01 
<0.01 
0.01 
0.01 
0.03 
<0.01 
<0.01 


<0.001 
0.002 
0.001 
0.001 
0.002 
0.009 


0.001 


0.06 0.035 


NEW ENGLAND? 


0.03 
0.24 
0.01 
0.20 
0.44 
0.90 
0.24 
<0.01 
0.01 
0.02 
<0.01 


0.004 
0.012 
0.004 
0.015 
0.009 
0.022 
0.006 


0.002 


NEW YORK 


0.03 
<0.01 
0.06 
0.02 
0.13 
0.01 
0.02 
0.24 
0.01 
0.01 
<0.01 


0.001 
0.007 
0.005 
0.012 
0.002 
0.016 
0.004 


0.06 











TABLE 5 (Cont'd.). 


COMPOUND 


Compound concentrations in cropland soils, by state, 1972—National Soils Monitoring Program 


PosiTIvE DETECTIONS 


No 


Organochlorines,? 31 samples 


Aldrin 
Chlordane 
p.p’-DDE 
o,p'-DDT 
p.p’-DDT 
p.p’-TDE 
SDDT 
Dieldrin 
Endrin 
Endrin ketone 
Heptachlor 
Heptachlor epoxide 
PCNB 
Toxaphene 
Trifluralin 


~ 


17 


13 


17 
4 
7 

10 


Organophosphates, 28 samples 


Parathion, ethyl 
Phorate 
Triazines, 2 samples 


1 
3 


no residues detected 


Organochlorines, 67 samples 


12 


Aldrin 

Chlordane 
p.p’-DDE 

p.p’-TDEI 

= DDT 

Dieldrin 
Heptachlor 
Heptachlor epoxide 


—NONWINN 


Organophosphates, 53 samples 


Triazines, 8 samples 
Atrazine 


7 


Organochlorines,? 64 samples 


p.p’-DDE 
o,p'-DDT 
p.p’-DDT 

> DDT 

Dieldrin 
Hexachlorobenzene 
PCNB 

Trifluralin 


Organophosphates, 64 samp! 


4 
3 
4 


1 
1 
1 
es: 


Organochlorines, 37 samples 


Chlordane 
p.p’-DDE 
o,p'-DDT 
p.p’-DDT 

p.p’-TDE 

SDDT 

Dieldrin 
Heptachlor epoxide 
Toxaphene 


Organochlorines,” 
Chlordane 
p.p’-DDE 
o,p'-DDT 
p.p’-DDT 
=DDT 
Dieldrin 
Heptachlor epoxide 
Trifluralin 


~ on 


NNO uw 


7 samples 
= 


17.9 

3.0 

3.0 

3.0 

3.0 

26.9 

3.0 

1.5 

no residues detected 


87.5 


6.3 
3.1 
4.7 
63 
1.6 
3.1 
1.6 
1.6 
no residues detected 


4 


21.6 


5 
1 
8 
3 
2 
1 


6 


0. 
5.4 
5.4 
Organophosphates, 33 samples: no residues detected 


* 
1 


5.4 
18.9 
8.1 
16.2 
18.9 
16.2 
5.4 


77 
«./ 


Organophosphates, 37 samples: no residues detected 


Triazines, 7 samples 
Atrazine 


5 
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71.4 


ARITHMETIC 
MEAN 


CONCENTRATION 


NORTH CAROLINA 


<0.01 
0.05 
0.18 
0.04 
0.18 
9.01 
0.41 
0.03 
0.07 
0.01 
<0.01 
<0.01 
0.03 
0.47 
0.06 


<0.01 
<0.01 


OHIO 


0.03 
0.09 
<0.01 
<0.01 
<0.01 
0.02 
0.01 
<0.01 


0.07 


OKLAHOMA 


0.01 
<0.01 
0.01 
0.02 
<0.01 
<0.01 
0.04 
<0.01 


OREGON 


<0.01 
0.03 
0.01 
0.04 
<0.01 
0.08 
0.01 
<0.01 
0.03 


PENNSYLVANIA 


0.01 
0.04 
0.01 
0.03 
0.07 
0.01 
<0.01 
<0.01 


0.03 


RESIDUES, PPM DRY WEIGHT 


ESTIMATED 
GEOMETRIC 
MEAN! 


0.002 
0.027 
0.013 
0.044 
0.003 
0.065 
0.007 


0.010 
0.003 


0.061 


0.005 
0.002 
<0.001 
0.001 
0.001 
0.007 
0.001 


0.050 


0.001 
0.001 
0.001 
0.002 


0.001 


0.001 
0.005 
0.002 
0.005 
0.007 
0.003 
<0.001 
0.003 


0.002 
0.006 
0.002 
0.005 
0.007 
0.004 
0.001 


EXTREMES OF 
DETECTED VALUES 


Max. 


11.03 
1.86 


0.06 
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TABLE 5 (Cont’d.). Compound concentrations in cropland soils, by state, 1972—National Soils Monitoring Program 


RESIDUES, PPM DRY WEIGHT 


EXTREMES OF 
POSITIVE DETECTIONS ARITHMETIC ESTIMATED DETECTED VALUES 
. MEAN GEOMETRIC 


COMPOUND No. OF CONCENTRATION MEAN? 


SOUTH CAROLINA 


Organochlorines,* 17 samples 
o,p’-DDE 1 <0.01 —- 
p.p’-DDE 15 0.16 0.088 
o,p'-DDT 12 0.08 0.032 
p.p’-DDT 15 0.40 0.159 
p,p’-TDE 4 0.01 0.004 
> DDT 15 0.64 0.263 
Dieldrin 2 <0.01 0.002 
Toxaphene 6 1.17 0.062 
Trifluralin 4 0.01 0.003 
Organophosphates, 17 samples 
Phorate 1 I <0.01 


SOUTH DAKOTA 


Organochlorines, 106 samples 
Aldrin 3 <0.01 <0.001 
Chlordane <0.01 0.001 
p.p’-DDE <0.01 
o,p'-DDT <0.01 
p,p’-DDT <0.01 
p.p’-TDE <0.01 
>DDT <0.01 
Dieldrin 0.01 0.002 
Endrin <0.01 — 
Heptachlor epoxide <0.01 <0.001 
Organophosphates, 90 sampl 
Malathion 
Parathion, ethyl 
Parathion, methyl 


ws 
Nee eee Ree 


oO 


— } 

<0.01 — 
<0.01 0.001 
<0.01 — 


Ne 


TENNESSEE 


Organochlorines,? 25 samples 
Chlordane 4.0 0.32 me 
p.p’-DDE 32.0 0.02 0.008 
o,p'-DDT . 12.0 0.01 0.003 
p.p’-DDT 32.0 0.04 0.011 
p,p’-TDE 4.0 0.01 - 
= DDT 36.0 0.08 0.017 
Dieldrin 6 24.0 0.04 0.007 
Heptachlor epoxide 1 4.0 0.03 —_— 
PCNB 1 4.0 0.01 — 
Toxaphene 1 4.0 0.13 —- 
Trifluralin 2 8.0 <0.01 0.002 
Organophosphates, 2 samples: no residues detected 
Triazines, 2 samples 
Atrazine 2 100.0 0.02 0.018 


VIRGINIA/WEST VIRGINIA: 


Organochlorines, 25 samples 
Chlordane 4.0 
p,p’-DDE ; 12.0 
o,p'-DDT 8.0 
p.p’-DDT 12.0 0.002 
> DDT 16.0 0.003 
Dieldrin 12.0 9.003 
Heptachlor epoxide 2 8.0 0.001 

Organophosphates, 25 samples: no residues detected 

Triazines, 3 samples: no residues detected 


0.002 
0.001 


WASHINGTON STATE 


Organochlorines,? 45 samples 
p.p’-DDE 
o,p'-DDT 
p.p’-DDT 
> DDT 


4 0.001 0.05 
2 
4 
Dieldrin 4 
3 
2 
e 


— 0.01 
—_ 0.04 
0.001 0.05 
0.001 0.02 
0.002 0.01 
—_— 0.06 


Hexachlorobenzene 
Trifluralin 
Organophosphates, 43 samples: no residues detected 
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TABLE 5 (Cont’d.). Compound concentrations in cropland soils, by state, 1972—National Soils Monitoring Program 


RESIDUES, PPM DRY WEIGHT 


EXTREMES OF 
POSITIVE DETECTIONS ARITHMETIC ESTIMATED DETECED VALUES 
MEAN GEOMETRIC aioe aac eniaine 
COMPOUND No. t CONCENTRATION 


WISCONSIN 
Organochlorines, 67 samples 
Chlordane 
p,p’-DDE 
o,p'-DDT 
p.p’-DDT 
= DDT 


0.04 
0.01 0.001 
<0.01 _ 
0.01 0.001 
0.02 0.001 
Dieldrin 0.01 0.002 
Heptachlor <0.01 0.001 
Heptachlor epoxide : i <0.01 0.001 
Organophosphates, 57 samples: no residues detected 
Triazines, 16 samples 
Atrazine 15 93.8 0.04 


WNAWYCN ww 


0.030 


Not calculated when fewer than two positive detections present. 
2See footnote 1, Table 1. 
See footnote 3, Table 3. 


TABLE 6. Occurrence of pesticide concentrations in standing agricultural crops from 1,483 sampling sites, 1972 
—wNational Soils Monitoring Program 


ORGANOCHLORINES ORGANOPHOSPHATES TRIAZINES 


POSITIVE DETECTIONS PosITIVE DETECTIONS POSITIVE DETECTIONS 
No. OF No. OF No. OF = = 
Crop MATERIALS ANALYSES No. t ANALYSES No. % ANALYSES No. % 
Alfalfa/bur clover a 
Asparagus 
Beans, dry 
Clover (Trifolium) 
Corn, sweet (kernels) 
Corn, field (kernels) 
Corn stalks 
Cotton stalks 
Cotton 
Cotton seed 
Grass hay 
Lespede za 
Mixed hay 
Oat hay 
Pasture forage 
Peanut vines 
Soybean hay 
Sugar beet tops 
Silage (corn 
or sorghum) 
Milo 
Peanuts 
Peas 
Pecans 
Rye 
Sorghum (grain) 
Sorghum (stalks) 
Soybeans 
Sugarcane 
Sweet sorghum 
Tobacco 


ame 
rw | NAUK Ree WNN 
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TABLE 7. Occurrence of organochlorine concentrations in selected, mature crops, from 1,483 sites by state or state group, 
1972—National Soils Monitoring Program 


Mixep Hay 


FieELp Corn, KERNELS SOYBEANS 


POSITIVE DETECTIONS POSITIVE DETECTIONS POSITIVE DETECTIONS 


No. OF No. OF No. OF 


ANALYSES No. N ANALYSES No. %e ANALYSES No. % 


Alabama 

Arkansas 
California 
Florida 
Georgia 


7 0 
4 
Idaho — 
1 
4 
l 
6 
1 


0 


-_ 
of 


10 53 


40 


lu | 


Illinois 
Indiana 
Iowa 
Kentucky 
Louisiana 
Michigan 21 
Mid-Atlantic? 3 
Mississippi —_— 
Missouri 

Nebraska y 2 | 
New England! _ 
New York 11 
N. Carolina 6 
Ohio 

Oklahoma 

Oregon 

Pennsylvania 

S. Carolina 

S. Dakota 

Tennessee 

Virginia/W. Virginia? 
Washington state 
Wisconsin 13 


57 
43 
41 


4 
2 
5 


ae 


YCUUAWwWhAIWe b&w 


J mm tb mbt iiie 


wl ae l awl low) beta 
blvctusdl wel mame is 


1See footnote 3; Table 3. 
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TABLE 8. 


PosItIvVE DETECTIONS 


COMPOUND No. 


Organochlorines, 43 samples 
Chlordane 7 
p,p’-DDE 12 
o,p'-DDT 12 
p.p’-DDT 15 
DDT 15 
Dieldrin 16 
Heptachlor epoxide l 
Toxaphene 2 

Organophosphates, 39 samples 
DEF 1 
Diazinon 1 
Malathion 3 


Organochlorines, 1 sample 

p.p’-DDE 1 100.0 
o,p'-DDT 1 100.0 
p.p’-DDT l 100.0 
SDDT l 100.0 
Organophosphates, | sample: no residues detected 


Organochlorines, 3 samples 
Dicofol 1 33.3 


2 


Organophosphates, 3 samples: no residues detected 


Organochlorines, 8 samples 
Chlordane 2 25.0 
p.p’-DDE 3 37.5 
o,p'-DDT 4 50.0 
p.p’-DDT 4 50.0 
=DDT 4 50.0 
Dieldrin 5 62.5 
Organophosphates, 8 samples: no residues detected 


Organochlorines, 2 samples: no residues detected 


Organophosphates, 2 samples: no residues detected 


Organochlorines, 283 samples 
Alachlor 1 
Chlordane 17 
p.p’-DDE 28 
o,p'-DDT 37 
p.p’-DDT 62 
p.p’-TDEI 
=DDI 
Dieldrin 
Endrin 
Heptachlor 
Heptachlor epoxide 
Hexachlorobenzene 
Toxaphene 9 

Organophosphates, 247 samples 
Diazinon 2 
Malathion 3 
Phorate 

Triazines, 16 samples: no residues detected 


Organochlorines, 288 samples 
Chlordane 
o,p'-DDT 
p.p’-DDT 
=DDT 
Dieldrin 


aonNnnren 
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997 


Compound concentrations in standing agricultural crops, 


ARITHMETIC 
MEAN 
CONCENTRATION 


ALFALFA/BUR CLOVER 


0.02 
0.01 
0.01 
0.02 
0.04 
0.01 
<0.01 
0.01 


<0.01 
<0.01 
0.01 


ASPARAGUS 


0.11 
0.03 
0.33 
0.47 


BEANS, DRY (all varieties) 


CLOVER (Trifolium sp.) 


0.02 
0.02 
0.03 
0.05 
0.10 
0.03 


CORN, SWEET (kernels) 


CORN STALKS 


<0.01 
0.01 
<0.01 
<0.01 
0.02 
<0.01 
0.03 
0.01 
<0.01 
<0.01 
<0.01 
<0.01 
0.04 


<0.01 
<0.01 
<0.01 


FIELD CORN (kernels) 


<0.01 
<0.01 
<0.01 
<0.01 
<0.01 


1972—National Soils Monitoring Program 


RESIDUES, PPM DRY WEIGHT 





EXTREMES OF 


ESTIMATED DETECTED VALUES 


GEOMETRIC 


MEAN! Max. 


0.005 
0.003 
0.004 
0.009 
0.012 
0.007 


0.002 


0.002 


0.008 
0.009 
0.014 
0.022 
0.031 
0.018 


0.002 
0.001 
0.002 
0.004 
<0.001 
0.005 
0.005 
<0.001 
<0.001 


0.002 


<0.001 
<0.001 
<0.001 


<0.001 
<0.001 
<0.001 

0.001 
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TABLE 8 (Cont'd.). 


COMPOUND 


Endrin 

Heptachlor 
Heptachlor epoxide 
PCNB 


POSITIVE DETECTIONS 


No. % 


0.7 
0.3 
8.0 
0.3 


2 
1 
23 
1 


Organophosphates, 167 sampies: no residues detected 
Triazines, 12 samples: no residues detected 


Organochlorines,? 40 samples 


Chlordane 
o,p’-DDE 
p.p’-DDE 
o,p'-DDT 
p.p’-DDT 
p.p’-TDE 

=DDT 

Dieldrin 
Endosulfan sulfate 
Endrin 
Heptachlor epoxide 
Toxaphene 
Trifluralin 


1 
29 
28 
38 
12 
38 
14 


5 


1 


Organophosphates, 40 samples 


Carbophenothion 
DEF 

Diazinon 
Malathion 
Parathion, ethyl 
Parathion, methyl 
Phorate 


p.p’-DDE 
o,p'-DDT 
p.p’-DDT 
p.p’-TDE 
DDT 
Dieldrin 
Toxaphene 


Organochlorines, 38 samples 
1 


1 
25 


31 
2 


20 


Organophosphates, 32 samples 


DEF 
Parathion, methyl 


13 


4 


Organochlorines, 2 samples: no residues detected 


Organophosphates, 2 samples: no residues detected 


Organochlorines, 3 samples 


Chlordane 
p.p’-DDT 
{DDT 


1 
1 
1 


Organophosphates, 2 samples 


Diazinon 
Malathion 


1 


Organochlorines, 21 samples 


Chlordane 
o,p'-DDT 
p.p'-DDT 
p.p’-DDE 
=DDT 
Dieldrin 
Toxaphene 


13 
- 
6 


Organophosphates, 21 samples 


DEF 
Diazinon 
Malathion 


1 
6 
5 


ARITHMETIC 
MEAN 
CONCENTRATION 


<0.01 
<0.01 
<0.01 
<0.01 


COTTON STALKS 


0.05 
<0.01 
0.67 
0.79 
7.36 
0.04 
8.87 
0.02 
0.07 
0.01 
<0.01 
25.44 
<0.01 


<0.01 
1.20 
<0.01 
0.03 
0.01 
0.15 
<0.01 


COTTON SEED 


0.01 
0.03 
0.22 
<0.01 
0.27 
<0.01 
0.49 


0.09 
<0.01 


COTTON 


SILAGE 


0.05 
<0.01 
<0.01 


0.05 
1.32 


GRASS HAY 


RESIDUES, PPM DRY WEIGHT 


ESTIMATED 
GEOMETRIC 
MEan! 


<0.001 


0.001 


0.006 
0.089 
0.116 
0.739 
0.010 
0.913 
0.008 
0.002 
0.001 
1.078 


0.069 
0.003 
0.003 
0.026 


0.008 
0.012 
0.082 
0.001 
0.091 

0.001 

0.082 


0.016 
0.001 


0.003 
0.014 
0.033 
0.009 
0.044 
0.006 
0.020 


0.011 
0.007 


Compound concentrations in standing agricultural crops, 1972—National Soils Monitoring Program 


EXTREMES OF 
DETECTED VALUES 


Max. 


(Continued next page) 
VoL. 12, No. 4, Marcu 1979 





TABLE 8 (Cont’d.). Compound concentrations in standing agricultural crops, 1972—-National Soils Monitoring Program 


RESIDUES, PPM DRY WEIGHT 
EXTREMES OF 
PosiTiIvE DETECTIONS ARITHMETIC ESTIMATED DETECTED VALUES 
. MEAN GEOMETRIC 
COMPOUND No. % CONCENTRATION MEAN! 


LESPEDEZA SERICEA 


Organochlorines, 1 sample 
p,p’-DDT 100.0 0.15 
=DDT 100.0 0.15 
Dieldrin 160.0 0.03 
Endrin 100.0 0.02 
Toxaphene 100.0 0.48 

Organophosphates, 1 sample 
DEF 100.0 0.15 


MILO 


Organochlorines, 3 samples 
p,p’-DDT 1 33.3 0.02 
p,p’-DDE l 33.3 <0.01 
=DDT 1 33.3 0.02 
Toxaphene 1 33.3 0.04 
Organophosphates, 2 samples: no residues detected 


PASTURE FORAGE 


Organochlorines, 10 samples 
Chlordane 
o,p'-DDT 
p.p’-DDT 
p.p’-DDE 
=DDT 
Dieldrin 
Toxaphene 

Organophosphates, 9 samples 
Diazinon 1 : <0.01 


0.05 —_ 

0.01 0.006 
0.08 0.021 
0.01 0.004 
0.10 0.026 
0.01 0.007 
0.15 0.014 


aflwawe 


AN 


MIXED 


Organochlorines, 47 samples 
Chlordane 10 
o,p’-DDE 1 
p.p’-DDE 21 
o,p'-DDT 23 
p.p’-DDT 26 
p.p’-TDE 1 
=DDT 26 
Dieldrin 22 
Endrin 2 
Heptachlor epoxide 1 

Organophosphates, 43 samples 
Diazinon 2 
Malathion 3 
Parathion, methyl 1 
Phorate 1 


tN 


0.03 0.008 
<0.01 —_ 
0.02 0.008 
0.02 0.009 
0.04 0.019 
<0.01 — 
0.08 0.027 
0.02 0.012 
<0.01 <0.001 
<0.01 _ 


AeEw 


NeAMN WH 
—wW Owe WO Ww 


a 


<0.01 <0.001 
<0.01 0.001 
<0.01 _ 
<0.01 — 


NNNS 
aw oO 


PEANUTS 


Organochlorines, 9 samples 
p.p’-DDE , <0.01 0.003 
=DDT : <0.01 0.003 
Toxaphene ; 0.25 0.100 
Organophosphates, 3 samples: no residues detected 


PEANUT VINES 


Organochlorines, 2 samples 
p.p’-DDT 50.0 0.42 — 
DDT 50.0 0.42 — 
Dieldrin 100.0 0.21 0.102 
Toxaphene 50.0 106.82 — 
Organophosphates, 2 samples: no residues detected 


PEAS (all varieties) 


Organochlorines, 1 sample: no residues detected 
Organophosphates, 1 sample: no residues detected 


PECANS 


Organochlorines, 1 sample: no residues detected 
Organophosphates, | sample: no residues detected 


(Continued next page) 
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TABLE 8 (Cont’d.). 


POSITIVE DETECTIONS 


COMPOUND No. 


Organochlorines, 1 sample 
Chlordane 1 100.0 
Dieldrin 1 100.0 
Organophosphates, 1 sample: no residues detected 


Organochlorines, 14 samples 
o,p'-DDT 
p.p’-DDT 
p.p’-DDE 
SDDT 
Dieldrin 
Organophosphates, 11 samp 
Malathion 
Parathion, ethyl 
Parathion, methyl 
Phorate 


-S 


— ee NDNUN He 


Organochlorines, 18 samples 
Chlordane 
o,p'-DDT 
p.p’-DDT 
p,p’-DDE 
p.p’-TDE 
SDDT 
Dieldrin 
Toxaphene 
Organophosphates, 15 samples 
Malathion 3 
Parathion, ethyl 1 


Organochlorines, 1 sample: no residues detected 


Organochlorines, 199 samples 
Chlordane 1 0.5 
o,p'-DDT 1 0.5 
p.p’-DDT 12 6.0 
p.p’-TDE 1 0.5 
DDT 13 6.5 
Dieldrin 47 23.6 
Endrin 16 8.0 
Heptachlor 1 0.5 
Heptachlor epoxide 8 4.0 
Toxaphene 12 6.0 

Organophosphates, 66 samples: no residues detected 


Organochlorines, | sample 
o,p'-DDT 
p.p’-DDT 
p.p’-DDE 
DDT 
Dieldrin 
Toxaphene 


100.0 
100.0 
100.0 
100.0 
100.0 
100.0 


Organochlorines, 2 samples: no residues detected 


Organophosphates, 2 samples: no residues detected 


Organochlorines, 2 samples 
p.p’-DDI 
DDT 
Dieldrin 
Toxaphene 


(Continued next page) 
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RESIDUES, PPM DRY WEIGHT 


ARITHMETIC 
MEAN 
CONCENTRATION 


RYE 


SORGHUM (grain) 


<0.01 
0.01 
<0.01 
0.01 
<0.01 


0.03 
<0.01 
<0.01 
<0.01 


SORGHUM STALKS 


0.01 
0.01 
0.02 
0.01 
<0.01 
0.04 
0.01 
0.01 


0.02 
<0.01 


SUGAR BEET TOPS 


SOYBEANS 


SOYBEAN HAY 


0.32 
1.43 
0.18 
1.93 
0.05 
3.52 


SUGARCANE 


SWEET SORGHUM (grain) 


ESTIMATED 
GEOMETRIC 
MEAN! 


0.006 
0.001 
0.006 
0.001 


0.006 


_ 0.15 
0.004 0.01 
0.012 0.03 
0.004 0.01 

_ 0.07 
0.017 0.04 
0.004 0.01 

_— 0.25 


0.006 0.06 
—, 0.02 


0.001 
0.001 
0.002 
0.001 
<0.001 
0.002 


EXTREMES OF 
DETECTED VALUES 


Compound concentrations in standing agricultural crops, 1972—National Soils Monitoring Program 


Max. 





TABLE 8 (Cont’d.). Compound concentrations in standing agricultural crops, 1972—National Soils Monitoring Program 


RESIDUES, PPM DRY WEIGHI 


EXTREMES OF 
POSITIVE DETECTIONS ARITHMETIC ESTIMATED DETECTED VALUES 


MEAN GEOMETRIC 
No % CONCENTRATION MEAN! Max 


TOBACCO 


Organochlorines, 2 samples 
o,p'-DDT 50.0 
p.p’-DDT 100.0 
p.p’-DDI 50.0 
SDDI 2 100.0 
Dieldrin 100.0 


Endrin 50.0 


0.385 0.77 
0.490 0.77 
0.043 0.06 
Toxaphene 100.0 2.520 


Diaz t 100.0 


3.36 


Not 
Alth 


j ilir a dir inilin omr n t is detected y the orga hlorine m ology and thus appears with organochlorines in 
| } 


detections was in the 0.01—0.25-ppm category, except fo pesticide applications during the growing season. How- 
toxaphene, which was in the 1.01—5.00-ppm category. ever, the site was being used as a cattle pasture, and the 
chemical was probably transferred to the soil by treated 
By State esticide concentrations in soils, by states or cattle 


presented in Table 5. Because some 

’ COMPOUND CONCENTRATIONS IN CROPS 

very few sites, those with similar ode 

: ge Mature crop samples were collected from 737 sites, or 
geographic locations and/or agricultural characteristics > 


1 22 Att 
48 percent of the scheduled 1,533 sites. All crop sam- 
were combined to obtain more representative data. State : a 


ples were analyzed for organochlorines, including tri- 
groups used were Mid-Atlantic: Delaware, Maryland, ; : 


3 fluralin. In addition, samples were analyzed for or- 
and New Jersey: New England: Connecticut, Maine, ‘ . 


c 


: : ganophosphates and atrazine when pesticide application 
Massachusetts, New Hampshire, Rhode Island, and Ver- spigantenedan i 


ceili ad West Virein ecords indicated their use. Thus the organophosphate 
nont, and irginia a l est irginia ° 
ne concentration data samples are biased, and 


occurrence frequencies than might other- 
u nce Of aldr F 


wise occur if all samples had been analyzed. 
SDDT, and chlord 


T he vy TO ch ’ - * s . 
in —- ists the occurrence of pesticide residues in crop 


mpled. For all crops, 40 percent of the 
j 


samples analyzed 


contained detectable concentra- 


1 


orines and 10 percent contained de- 


organophosphates. Atrazine was 
eral, crops with known patterns of 
lication, or animal feed crops such as 
corn, or soybeans grown in rotation 


id the highest detection frequencies. 


sults « e ible 7 presents the occurrence of organochlorines in 
~DDT tec field cor ernels, soybeans, and mixed hay for each 

were COI state or state group sampled. Residue detections varied 
California (Fig most i ‘Id corn. Not enough samples were available 
Dakota, and Wisconsin were generally bel he all-site to draw broad conclusions about mixed hay 
average detectk 


Table 8 presents the compound concentrations detected 


ection of ronnel in soil fri crop sampled. =DDT occurred most frequently 
was unusual. Ronne ised ti itrol flies, n all crops except corn stalks, where dieldrin residues 
ticks, and gnats on domestic were predominant. The high frequency of occurrence 
quarters. A thorough examinati f the cropping and of =DDT is probably the result of its prior, widespread 


pesticide application record for that site revealed no use. 


- 
rf 


) 
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FIGURE 2. Percent occurrence of aldrin residue detections in cropland soil of 37 states, by state, 1972 


—wNational Soils Monitorine Program 


FIGURE 3. Percent occurrence of dieldrin residue detections in cropland soil of 37 
National Soils Monitoring Program 
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FIGURE 4. Percent occurrence of heptachlor epoxide residue detections in cropland soil of 37 states, by state, 1972 
—wNational Soils Monitoring Program 


2x 


FIGURE 5. Percent occurrence of =DDT residue detections in cropland soil of 37 states, by state, 1972 
—National Soils Monitoring Program 
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FIGURE 6. Percent occurrence of chlordane residue detections in cropland soil of 37 states, by state, 1972 
—wNational Soils Monitoring Program 
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Organochlorine Pesticide Residues in Soils from Six U.S. Air Force Bases, 1975—76 


Jerry T. Lang,’ Leopoldo L. Rodriguez,* and James M. Livingston * 


ABSTRACT 


Soil samples collected during 1975 and 1976 from United 
States Air Force installations in California, Georgia, Ohio, 
Oklahoma, Texas, and Utah were analyzed for organochlo- 
rine pesticide residues. SDDT, chlordane, and dieldrin were 
the pesticides most commonly found. In 1975, SDDT resi- 
dues were significantly higher in samples from residential 
areas than in samples from golf courses or areas free of 
pesticide application. Chlordane residues in 1975 were sig- 
nificantly higher in both residential and golf course areas 
than in areas where pesticides had not been used. No sig- 
nificant differences were found in 1976 in residue levels of 


any pesticide monitored among various land use areas. 


Introduction 


In 1975, the United States Air Force Occupational and 
Environmental Health Laboratory at Kelly Air Force 
Base, Texas, initiated a two-year pilot pesticides monitor- 
ing program to gather preliminary data on organochlo- 
rine residues in soils and sediments from Air Force bases 
and to determine the feasibility of developing a full-scale 
Air Force pesticides monitoring program. Only the base- 
line data on soil samples are discussed here. The feasi- 
bility study and the baseline data for sediment samples 


have been discussed elsewhere by Lang (4). 


Sample Collection and Preparation 


Six Air Force Logistics Command bases were sampled, 
including Hill AFB, Utah; Kelly AFB, Texas; McClellan 
AFB, California; Robins AFB, Georgia: Tinker AFB, 
Oklahoma; and Wright-Patterson AFB, Ohio. All bases 
represent urban environments with substantial indus- 


trialization and histories of considerable pesticide use. 


Soil samples were collected from residential, open or 
nonuse, and golf course areas. Core samples from each 
use stratification were taken from the top 3 inches (7.6 
Present addres i ton y Service OL-AD, U.S. Air Force 


APO San Fran 
herein are 


cm) with a 35-inch (7.6-cm)-diameter bulb planter. 
[Twenty core samples from each site were composited in 
a plastic bucket, thoroughly mixed by hand, and poured 
back and forth into a similar bucket. The composite 
sample was sieved through 44-inch (6.4-mm) hardware 
cloth to remove large particles and debris. A subsample 
of the composite sample was placed in a clean hexane- 
rinsed 8-oz (240-ml) amber glass salve jar. Salve jars 
were capped with aluminum foil-lined lids and sub- 
samples were kept frozen until being prepared for analy- 
sis. All sampling equipment was thoroughly rinsed with 
water after each stratum was sampled to avoid cross 
contamination. 


At each residential sampling site, 10 individual core 
samples were taken from both sides of randomly selected 
streets. At those sites with sidewalks, all samples were 
taken within 1 ft (30.5 cm) of the sidewalk in the 
direction of the house. At sites without sidewalks, sam- 
ples were taken approximately 4 ft (1.37 m) from the 
street. At each open sampling site, 10 core samples were 
collected at 45-ft (13.7-m) intervals along two parallel 
straight lines 45 ft (13.7 m) apart which originated at 
a randomly selected point. Golf course samples were col- 
lected from random starting points at 45-ft (13.7-m) 
intervals along both sides of the fairway at the edge of 
the rough. 


Analytical Procedures 

PREPARATION OF SAMPLES 

Iwo grams of dry-sieved subsample (sieve size No. 14) 
were placed in a 15-ml test tube with a Teflon-lined 
screw cap, and 10 ml 3:1 hexane—isopropanol was added. 
Tubes were rotated for 4 hours, and the subsample was 
centrifuged. The solution was transferred to a 60-ml 
separatory funnel and washed three times with water 
to remove the alcohol. The solution was dried with 
anhydrous sodium sulfate, the solvent was reduced by 
evaporation, and the sample was cleaned by passage 
through a Florisil microcolumn. Subsample extracts were 
stored at low temperature for subsequent gas-chromat- 
ographic (GC) analysis. 
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GAS CHROMATOGRAPHY 

The analytical procedures were basically the same as 
those described by Wiersma et al. (6). Samples were 
analyzed for organochlorines and PCBs with a Tracor 
Model 222 gas chromatograph equipped with two Ni-63 
electron-capture detectors (EC) and four glass columns. 
[wo sets of polar and nonpolar columns were used to 
identify and confirm the organochlorine pesticides and 
PCBs. The gas chromatograph was equipped with a 
Model 8000 Varian Auto Sampler and interfaced with a 
Model 3354 Hewlett-Packard Data System. Instrument 


parameters and operating conditions follow: 


glass, 6 ft k 
packed with 
(1) a mixture I 
percent SP-2401 


AW, DMCS 


a mixtu ol 
SP-2401 on 
DMCS 
cetector 
injection port 
column 

5-10 perce 
ml/minute 


Compounds and their quantitative detectable 
listed in Table 1. Minimum detectable levels of organo- 
chlorine pesticides were 0.01—2.00 mg/kg. 


RECOVERY STUDIES 


Recovery of the components listed in Table 1 ranged 
from 91 to 102 percent. Data presented in Tables 2 and 


3 were not corrected for recovery. 


Results and Discussion 


Because a similar data pattern emerged on each base, 


data for a given year on the same ticide on tl 


pesticide ne 


same land use area were combined from all six bases 


(Table 2). =DDT residues were the most ubiquitous 
| 


resi- 


organochlorines on the six bases (Table 2). =DD1 


dues were also quantitatively higher overall than were 


residues of any other organochlorine except chlordane, 


t tT 
Can ieVveiS CONSIStCNHUY 


which in 1975 had arithmetic n 


TABLE 1. Quantitat 


found in s 
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75 


H 
19, 


installations, 


Air Force 


ae 


. : 
esidues in pooled soil samples from six l 


ND-_0.01 
{ 


ND-0.03 


ND-0O.O01 


ND-4.33 


20 


ND 


respectively 





TABLE 3. 


Geometric means and 95 percent confidence intervals for pooled SDDT, chlordane, and dieldrin residue data 


from use-stratified areas on six U.S. Air Force bases—1975-76 


DDT 


95% CI 95% Cl 
LOWER MEAN UPPER 


95% Cl 
LOWER 


CHLORDANE DIELDRIN 


95% CI 
UPPER 


95% CI 
LOWER MEAN 


95% CI 
MEAN UPPER 


1975 RESIDUES, PPM 


Residential 0.0791 0.2276‘ 0.6549 0.0440 
Open 0.0124 0.0235 0.0443 0.0091 
Golf course 0.0347 0.0599'» 0.1033 0.0338 


0.1875™ 0.7153 0.0100 
0.0158' 0.0275 0.0089 
0.1049" 0.3253 0.0091 


0.0606 
0.0159 
0.0163 


0.0246 
0.0119 
0.0122 


1976 RESIDUES, PPM 


Residential 0.0257 0.0782' 0.2382 0.0033 
Open 0.0134 0.0361° 0.0960 0.0100 
Golf course 0.0110 0.0437 0.1729 0.0084 


NOTE 


higher than =DDT. The high arithmetic mean for chlor- 
dane residues in residential areas during 1975 was 
mainly attributable to the high levels found at Wright- 
Patterson AFB. This finding is notable in light of past 
problems with chlordane contamination in Capehart 
housing units on Wright-Patterson (/, 2). Except for 
chlordane levels found in residential soils in 1975, the 
arithmetic means shown in Table 2 closely approximate 
mean levels of the same pesticides in various nonmilitary 
urban areas of the United States (3). 


Since residue data are not normally distributed, the 
arithmetic means in Table 2 are useful for comparison 
only in a relative sense. Therefore, the more statistically 


useful geometric means and associated 95 percent con- 
fidence limits based on data normalized with the In 
(X + 0.01) transformation discussed by Carey et al. 
(3) are given in Table 3 for the three most ubiquitous 
pesticides: DDT, chlordane, and dieldrin. 


To obtain an overall picture of the data, a three-factor 
analysis of variance was used to evaluate pesticide by 
land use by year interactions. The only significant inter- 
action was for land use areas between the two years. 
Further examination showed that only the residential 
area means for 1975 and 1976 differed significantly 
(P < 0.001). There was no significant difference for 
the open area means (P < 0.10) and only an indication 


of a difference for the golf course means (P < 0.10). 


One-way analyses of variance were used to evaluate data 
on a particular pesticide during a given year. Significant 
F values were found only for =DDT and chlordane in 
1975. Bartlett’s test (5) was used to check homogeneity 
of variances in the two cases. Variances were homo- 
geneous for the =DDT data but not for the chlordane 


0.0150 
0.0182™ 
0.6320™ 


0.0694 
0.0329 
0.1218 


0.0094 
0.0099 
0.0089 


0.0117 
0.0129 
0.0110 


0.0145 
0.0167 
0.0136 


For a given year, means in a vertical column followed by the same letter are not significantly different at the 5 percent level. 


data. Therefore, standard t-tests were used to compare 
mean differences in =DDT data, and t’-tests (5) were 
used on the chlordane data. 


In 1975, =DDT residues were significantly higher in resi- 
dential areas than in open and golf course areas. Chlor- 
dane levels were significantly higher in both residential 
and golf course areas than in open areas. There was no 
significant difference in chlordane levels between resi- 
dential and golf course areas. 


Large differences between 1975 and 1976 =DDT and 
chlordane data (Table 3) are puzzling. From what is 
known generally of organochlorine degradation rates, 
microbial or other forms of degradation could not ac- 
count for the decreases in =DDT and chlordane levels 
between 1975 and 1976. The most likely explanation 
for the rather drastic reduction in =DDT residues in resi- 
dential areas and chlordane residues in residential and 
golf course areas between 1975 and 1976 is the irregular 
distribution of pesticide residues in the environment and 
the relatively small number of samples collected from 
each land use area. 


Conclusions 


Organochlorine residues on the six Air Force installa- 
tions generally were the same generic type and quantity 
as those found in nonmilitary urban environments. 
XDDT residues were the most abundant followed by 
chlordane and dieldrin. Residential areas generally were 
contaminated more heavily with organochlorines than 
were open or nonuse and golf course areas. Large 
variations between 1975 and 1976 data on some pesti- 
cides indicate that, if the Air Force program is contin- 
ued, more samples should be taken from each sampling 
site and increased emphasis should be placed on sampling 
protocol to ensure the gathering of comparative data. 


PESTICIDES MONITORING JOURNAL 





LITERATURE CITED 


(1) Air Force Logistics Command Headquarters. 1975. 
Summary and comparison of two-hour baseline chlor- 
dane air sampling results from Air Force military 
family housing (AF MFH). Office of the Surgeon, 
Wright-Patterson Air Force Base, Ohio, 62 pp. 


Air Force Logistics Command Headquarters. 1976. 
Report on four chlordane sampling protocols conducted 
in military family housing at Wright-Patterson AFB, 
Ohio. Office of the Surgeon, Wright-Patterson Air 
Force Base, Ohio, 136 pp. 


(3) Carey, A. E., G. B. Wiersma, and H. Tai. 1976. Pesti- 


VoL. 12, No. 4, MARCH 1979 


cide residues in urban soils from 14 United States 
cities, 1970. Pestic. Monit. J. 10(2):54~60. 


Lang, J. T. 1978. USAF Occupational and Environ- 
mental Health Laboratory, Tech. Rept. 78-33, Evalua- 
tion of the USAF pesticides monitoring pilot program, 
1975-1976. 

Snedecor, G. W., and W. G. Cochran. 1967. Statistical 
Methods (6th ed.). Iowa State University Press, Ames, 
Iowa. 593 pp. 


Wiersma, G. B., H. Tai, and P. F. Sand. 1972. Pesticide 
residue levels in soils, FY 1969—National Soils Mon- 
itoring Program. Pestic. Monit. J. 6(3):194-201. 





APPENDIX" 


Chemical Names of Compounds Discussed in This Issue 





ACEPHATEI 


ALDRIN 


CHLORDANE 


DELNAV 
DIAZINON 


DIELDRIN 


DURSBAN 

ENDRIN 

ETHION 

HCB 

HEPTACHLOR 
HEPTACHLOR EPOXIDI 
LINDANE 

MALATHION 
METHAMIDOPHOS 
MIREX 

NONACHLOR 
OXYCHLORDANI 

PCBs (Polychlorinated Biphenyls) 
TDI 


TOXAPHENI 


TRITHION 


O,S-Dimethy! acetylphosphoramidothioate 


Not less than 95% of 1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-hexahydro-1,4:5,8-dimethanonaph- 
thalene 


1,2,3,4,5,6,7,8,8-Octachloro-2,3 ,3a,4,7,7a-hexahydro-4,7-methanoindene The technical product 
is a mixture of several compounds including heptachlor, chlordene, and two isomeric forms 
of chlordane 


Dichloropheny!l dichloro-ethylene (degradation product of DDT); p.p’-DDE: 
2,2-bis(p-chlorophenyl) ethylene; o,p’-DDE 
ethylene 


1,1-Dichloro- 
1,1-Dichloro-2-(0-chlorophenyl)-2-(p-chlorophenyl) 


Main component (p,p’-DDT a-Bis(p-chlorophenyl) £ 
are possible and some are present in the commercial product 


(o-chloropheny] )-2-(p-chlorophenyl) ethane] 


.£,8,-trichloroethane. Other isomers 
o,p'-DDT: [1,1,1-Trichloro-2- 


~ 


2,3-p-Diozanedithiol §,S-bis (O,O-diethyl phosphorodithioate ) 
0,0-Diethyl O-(2-isopropyl-6-methyl-4-pyrimidinyl ) phosphorothioate 


Not less than 85% of = 1,2,3,4,10,10-Hexachloro-6,7 
endo-exo-5,8-dimethanonaphthalene 


epoxy-1,4,4a,5,6,7:8,8a-octahydro-1,4- 


O,O-Diethyl O-(3,5,6-trichloro-2-pyridy] ) 

Hexachloroepoxyoctahydro-endo,endo-dimethano-naphthalene 

O,0,0' ,O’-Tetraethyl S,S’-methylene bisphosphorodithioate 

Hexachlorobenzene 

1 ,4,5,6,7,8,8-Heptachloro-3a,4,7,7a-tetrahydro-4,7-endo-methanoindene 

1,4,5,6,7,8,8-Heptachloro-2,3-epoxy-3a,4,7,7a-tetrahydro-4,7-methanoindene 

Gamma isomer of 1,2,3,4,5,6-hexachlorocyclohexane 

O,O-Dimethy! dithiophosphate of diethyl mercaptosuccinate 

O,S-Dimethyl phosphoramidothioate 
2,2,3,3a,4.5,5,5a.5b,6-Dodecachlorooctahydro-1!,3,4-metheno-1H-cyclobuta[cd]pentalene 


3,4,5,6,7,8-Nonachlor-3a,4,7,7a-tetrahydro-4,7-methanoindan 
2,3,4,5,6,6a,7,7-Octachloro-la,1b,5,5a,6,6a-hexahydro-2,5-methano-2H -indeno( 1,2-f ) oxirene 
Mixtures of chlorinated biphenyl! compounds having various percentages of chlorine 
2,2-Bis(p-chlorophenyl)-1,1-dichloroethane (including isomers and dehydrochlorination products) 


Chlorinated camphene (67-69 chlorine) 
with chlorinated camphenes predominating 


Product is a mixture of polychlor bicyclic terpenes 


§-[[(p-Chloropheny] ) thio]methyl] O,O-diethyl phosphorodithioate 





Does not include compounds listed only in Carey 


234 


and Gowen and in Carey et al. 
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PESTICIDES MONITORING JOURNAL, Volume 12, 
Number 3 


Page 99: Charles D. Kennedy and Roy L. Schutzmann, 
coauthors of the paper “Pesticide Residues in Estuarine 
Mollusks, 1977 versus 1972—National Pesticide Moni- 
toring Program” are employed by the Ecological Moni- 
toring Branch, Pesticides Monitoring Laboratory, U.S. 
Environmental Protection Agency, Bay St. Louis, MS 
39520. 


Pages 137-148: In the paper “Pesticide Application and 
Cropping Data from 37 States, 1971—National Soils 
Monitoring Programs,” maps for Figures 1 and 2 were 
transposed. 
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